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AIR  COMPRESSORS  ON  NEW  YORK 
TUNNEL  WORK 

By  Frank  Richards. 

The  tunnel  stage  of  the  development  of  New 
York  city  may  be  said  to  have  really  com- 
menced with  the  present  century.  Although 
the   first   tunnel    under   the    North    River   was 


The  tunnels  completed  or  approaching  com- 
pletion, including  the  two  mentioned  above, 
are  as  follows : 

Six  tunnels  under  the  North  River ;  the  two 
from  Morton  street,  Manhattan,  to  Hoboken 
to  be  used  for  trolley  car  service ;  two  near 
Cortlandt  street  and  two  about  Thirty-third 
street  for  the  Pennsylvania  Railroad,  and  eight 


Fig.  12.     Escape  of  Compressed  Air  from  Tunnel  Working. 


planned  and  begun  a  quarter  of  a  century  ago, 
it  has  only  lately,  been  completed  with  also 
its  twin  tunnel  for  the  reciprocal  traffic.  On 
account  of  the  earlier  completion  of  connec- 
tions, other  tunnels  begun  within  the  present 
century  will  be  in  established  service  before 
these. 


under  the  East  River ;  two  from  the  Battery 
up  into  the  heart  of  Brooklyn,  as  a  continua- 
tion of  the  already  completed  Subway;  four 
to  connect  the  Pennsylvania  Railroad  with 
the  Long  Island  Railroad,  two  of  these  tun- 
nels also  extending  all  across  Manhattan ;  and 
the  two  so-called   Belmont  tunnels  which   are 
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to  connect  the  Forty-second  street  line  of  the 

present  Subway  with  Long  Island  trolley  lines. 

This  tunnel  work  involves  not  only  the  ac- 


business  events  combined  in  a  single  concern, 
the  Ingersoll-Rand  Company.  The  position 
of    this    company    in    this    great    metropolitan 


Fig.  i.     Temporary  Power  House,  Pennsylvania  Terminal. 


tual  driving  of  the  tunnels  under  the  rivers  as 
indicated,  but  greater  additional  lengths  of 
sublferranean  tunneling  for  the  approaches  or 
connections.  Other  tunnels  "too  numerous  to 
mention"  in  these  and  other  directions  are 
planned  and  more  or  less  specifically  pro- 
vided for  to -supply  work  for  at  least  twenty 
years  ahead,  by  which  time  the  tunnel  habit 
will  have  become  so  established  that  no  one 
now  can  suggest  the  amount  of  subterranean 
and  subaqueous  excavation  and  construction 
which  will  ultimately  be  required  in  Xew  York 
and  vicinity. 

We  have  here  to  do  with  only  one,  although 
the  most  important,  physical  agency  in  all  this 
tunnel  work,  the  compressed  air  supply.  Mere- 
ly to  enumerate  the  air  compressing  plants 
which  have  been  installed  in  New  York  for 
tunnel  work  alone,  with  mention  of  a  few  of 
their  most  important  details,  is  enough  for 
the  present  paper. 

It  will  be  noted  that  all  the  air  compressors 
herein  enumerated  are  New  York  machines, 
machines  largely  developed  by  New  York  prac- 
tice in  the  building  of  the  Aqueduct,  supple- 
mented by  mine  and  tunnel  work  throughout 
the  world,  and  perfected  and  manufactured  by 
the  two  New  York  companies  of  world-wide 
reputation  in  this  line,  the  Ingersoll-Sergeant 
and  the  Rand,  now  in  the  natural  course  of 


Fig.  2.     Power   House,   Pennsylvania 
Terminal. 
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development  is  unique,  and  cannot  be  ap- 
proached for  parallel  or  comparison  in  any 
other  line  of  business. 

That  there  is  plenty  of  tunnel  work  ahead 
for  the  air  compressor  might  well  be  inferred 
from  the  substantial  and  apparently  perma- 
nent character  of  many  of  the  installations. 
Several  of  the  plants  here  mentioned  will  un- 
doubtedly be  employed  to  supply  the  air  for 
other  tunnels  besides  those  for  which  they 
have  been  originally  erected.     These  plants  ac- 


pressors  is  regulated  automatically  according 
to  the  call  for  the  air,  so  that  a  series  of  ma- 
chines will  run  constantly  without  handling 
the  throttle.  Recording  gages  are  generally 
employed  and  their  records  are  watched  and 
filed  in  the  offices. 

While  as  a  rule  nothing  has  been  neglected 
in  the  installation  of  those  plants  which  could 
contribute  to  the  reliability  and  economy  of 
their  operation,  to  the  accessibility  of  parts 
and  convenience  of  manipulation,  so  that,  seen 


Fig.  3.     Interior  Pennsylvania  Terminal  Power  House. 


cordingly  have  generally  nothing  cheap  or  tem- 
porary about  them.  They  employ  all  the  usual 
well-known  devices  of  economy  both  in  the  use 
of  steam  and  in  the  compression  of  the  air. 
The  boilers  are  all  of  modern  design  and 
nearly  all  of  the  water  tube  type.  The  steam 
units  are  usually  compound  and  condensing, 
and  the  air  compression  two  stage  with  inter- 
coolers  and  aftercoolers.  Gravity  oiling  sys- 
tems are  installed,  which  constantly  and  per- 
fectly lubricate  every  part  and  return  the  oil 
for  repeated  use.  The  action  of  the  com- 
within   and  with  all  the  circumstances  consid- 


ered, many  of  them  may  be  taken  as  models 
of  their  class,  but  the  slightest  thought  has 
been  given  to  the  exteriors  of  the  buildings. 
One  plant  is  located  in  an  old  church,  another 
in  a  dilapidated  foundry,  and  in  several  cases 
the  compressors,  boilers,  etc.,  have  been  com- 
pletely placed  in  the  open  air  and  their  pro- 
tective sheds  or  buildings  have  been  erected 
over  them. 

The  perfection  and  endurance  of  the  com- 
pressors may  be  noted  as  remarkable.  The 
writer  hereof  more  than  a  year  ago  personally 
visited  every  plant  mentioned  except  that  upon 
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Man-o'-War  Reef,  the  improvised  island  in 
the  East  River,  and  while  most  of  the  com- 
pressors seen  were  being  worked  to  the  limits 
of  their  capacity,  running  at  speeds  which 
were  astonishing,  not  one  was  seen  out  of 
order  or  undergoing  repairs.  The  arduous 
work  on  the  New  York  aqueduct  and  in  tun- 
nels and  mines  everywhere  has  to  a  remarka- 
ble extent  revealed  and  eliminated  the  weak 
spots  and  suggested  successive  improvements. 


in  some  of  the  compressors  with  mechanically 
operated  valves  this  pipe  is  not  used. 

PENNSYLVANIA    STATION    EXCAVATION. 

The  work  of  excavating  for  the  New  York 
terminal  of  the  Pennsylvania  Railroad  is  not  at 
all  tunnel  work,  but  it  is  at  the  point  where 
four  of  the  tunnels  are  to  meet.  This  work 
was,  to  think  of,  a  simple  affair.  It  was  only 
to  dig  a  hole  in  the  ground ;  but  it  was  a  hole 
measuring  roughly,  in  the  main  portion  of  it, 


Fig.  4.     Manhattan  Power  House.    S.  Pearson  &  Son. 


HIGH     SPEEDS. 

As  indicating  the  speeds  at  which  these 
compressors  may  be  run,  it  may  be  specially 
noted  that  five  duplex  Corliss  compressors,  42- 
inch  stroke,  in  the  Manhattan  plant  of  S.  Pear- 
son &  Son,  Inc.,  were  designed  and  guaran- 
teed to  run  continuously  at  100  R.  P.  M.,  or 
700  feet  piston  speed,  with  a  further  provision 
that  in  case  of  emergency  they  would  be  capa- 
ble of  running  at  125  R.  P.  M.  for  a  period 
not  exceeding  twenty-four  hours.  This  emer- 
gency has  been  encountered  several  times  since 
the  plant  was  installed,  and  in  fact  the  ma- 
chines have  run  as  high  as  135  R.  P.  M.,  or 
945  feet  piston  speed,  for  long  periods  without 
apparent  distress. 

In  the  estimated  free  air  capacities  given 
herein  for  each  plant  the  piston  speed  assumed 
for  all  is  500  feet  per  minute.  The  ^-inch 
additional  to  the  nominal  diameters  of  the 
Ingersoll  air  cylinders  is  dropped  out  of  the 
computations,  as  this  normally  compensates 
for  the  area  of  the  piston  inlet  pipe,  although 


1,800  by  480  feet  and  40  feet  deep,  with  more 
than  a  million  and  a  half  cubic  yards  of  ma- 
terial to  be  removed.  A  considerable  portion 
of  the  top  was  sand  and  gravel,  which  was  re- 
moved first,  but  most  of  the  material  is  solid 
rock.  Both  steam  and  compressed  air  are  em- 
ployed on  the  work.  The  steam  shovels,  being 
self-contained,  also  some  traveling  derricks 
and  of  course  all  of  the  locomotives,  are  steam 
operated,  while  rock  drills,  pumps,  many  hoists, 
concrete  mixers,  etc.,  are  driven  by  compressed 
air,  and  here,  as  elsewhere,  the  compressors 
are  driven  to  their  full  capacity. 

A  temporary  compressor  plant  was  first  in- 
stalled right  upon  a  portion  of  the  ground  to 
be  excavated,  the  exterior  of  the  plant  being 
shown  in  Fig.  1.  The  church  and  appurte- 
nances in  the  background  have  since  been 
pulled  down  and  rock  cutting  is  proceeding 
upon  the  site.  There  were  here  three  Rand 
straight-line,  Class  "C"  compressors  with  cyl- 
inders 24  and  26  inch  diameter  by  30  inch 
stroke,  free  air  capacity  5,529  cu.  ft.  per  min., 
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and  one  Ingersoll  Class  "A,"  piston  inlet  com- 
pressor 24  and  2654  by  30  inch  stroke,  free  air 
capacity  1,843  cu.  ft.  per  min.  The  steam  cyl- 
inders had  balanced  valves  and  Meyer  adjusta- 
ble cut-offs  and  worked  non-condensing.  The 
steam  pressure  carried  was  no  pounds  and  the 
air  pressure  90  pounds,  the  latter  not  being 
always  maintained,  as  the  air  was  used  as  fast 
as  it  could  be  delivered.  The  rock  drilling, 
however,  was  kept  constantly  in  advance  of  the 
work  of  removal  and  many  holes  were  always 


Tt  was  well  to  mention  this  plant  first,  since 
it  was,  with  perhaps  one  exception,  the  least 
economical  of  any  of  the  plants  here  enumer- 
ated. Fig.  2  shows  the  exterior  and  Fig.  3 
the  interior  of  the  more  permanent  installation 
of  the  Xew  York  Constructing  Company  for 
this  Pennsylvania  Terminal  excavation.  This 
is  a  plant  of  much  larger  capacity  and  doing 
its  work  more  cheaply.  The  building,  as  is 
evident,  was  a  church,  but  the  interior  is  now 
as   unecclesiastical  as   could  well  be  imagined. 


Fig.  5.     Interior  S.  Pearson  &  Sox's  Manhattan  Power  House. 


waiting  to  be  fired  when  needed.  The  air  was 
not  cooled  except  by  the  water  jacket.  There 
were  two  large  air  receivers  and  a  combined 
delivery  pipe  8  inches  diameter  with  valves 
for  disconnecting  each  compressor.  The  air 
line  was  carried  around  the  excavation  with 
distributing  branches  where  required.  There 
were  six  locomotive  boilers  burning  small  an- 
thracite, A  Cochrane  feed  water  heater  was 
in  service  and  two  duplex  steam  pumps  for 
boiler  feeding. 


There  are  here  three  two-stage,  electric- 
driven  R.  D.  2  compressors  with  air  cylinders 
30  and  19  inch  diameter  by  30  inch  stroke ; 
free  air  capacity,  8,983  cu.  ft.  per  min.  The 
induction  motors  are  each  500  h.  p.  General 
Electric,  Type  LM,  122  revolutions  per  min., 
6,600  volts,  3  phase,  25  cycle.  There  is  also 
one  Rand  Corliss,  cross  compound,  I  girder 
frame,  two-stage  compressor  with  steam  cyl- 
inders 22  and  40  and  air  cylinders  38  and  23 
by  4S  inch  stroke ;  free  air  capacity,  3.937  cu. 
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ft.  per  min.  In  addition  to  these  are  the  four 
compressors  of  the  temporary  plant  previously 
enumerated  and  therefore  here  not  mentioned 
further  and  not  repeated  in  our  final  sum- 
mary of  the  various  plants. 


steam  cylinders  16  and  34  by  42  inch  stroke, 
with  duplex  air  cylinders  26V4  inch  for  a  maxi- 
mum air  pressure  of  50  pounds ;  free  air  ca- 
pacity, 14,744  cu.  ft.  per  min.  There  is  another 
cross    compound    Corliss    compressor    of    the 


Fig.  6.    Tandem  Air  Cylinders  on  Special  Compressor. 


PENNSYLVANIA     RAILROAD     EAST     RIVER     TUNNELS 
MANHATTAN     PLANT. 

The  plant  of  the  contractors,  S.  Pearson  & 
Son,  Inc.,  at  Thirty-third  street  and  First  ave- 
nue, New  York,  is  in  marked  contrast  to  the 
preceding.  Fig.  4  is  a  snapshot  of  the  exterior 
and  Fig.  5  shows  the  interior.  The  entire 
equipment  in  this  case  was  installed  under  the 
direction  of  the  builders  of  the  compressors, 
the  Ingersoll-Rand  Company.  There  are  four 
cross     compound     Corliss     compressors     with 


same  stroke  and  with  the  same  cylinder  di- 
mensions as  the  above,  but  with  duplex  air 
cylinders  15H  inch  diameter  designed  to  com- 
press to  140  pounds  air  pressure.  The  air  for 
this  compressor  may  be  taken  into  the  cylin- 
ders at  the  atmospheric  pressure  or  it  may 
be  taken  in  at  40  or  50  pounds  pressure  from 
the  aftercooler  of  the  low  pressure  service, 
thus  increasing  its  delivery  at  the  high  pres- 
sure about  fourfold.  Free  air  capacity,  1,310 
cu.    ft.   per  min.     Another  compressor   has   a 
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special  combination  feature.  It  is  a  cross  com- 
pound Corliss  compressor  with  the  same  cylin- 
der dimensions  as  above,  but  with  tandem  air 
cylinders  23^4  and  15J/2  daimeter  on  each  side. 
These  cylinders  on  one  side  are  seen  in  Fig.  6. 
All  the  air  cylinders  may  be  used  to  compress 
atmospheric  air  to  50  pounds  pressure  and 
deliver  individually  into  the  low  pressure  serv- 
ice or  by  disconnecting  the  23^4  inch  cylinders 
the  smaller  cylinders  may  be  used  for  the  high 
pressure  service,  140  pounds,  precisely  the 
same  as  the  preceding  machine.  Free  air  ca- 
pacity of  this  compressor,  4,194  cu.  ft.  per  min. 
Besides  these  there  are  two  straight-line,  Class 
"A"  compressors  18  and  i8}4,  by  24  inch  stroke, 


densing  except  what  is  required  for  heating 
the  feed  water.  The  power  house  contains 
three  high  speed  engines  with  direct  connected 
generators  and  three  duplex  high  pressure  hy- 
draulic pumps  automatically  controlled  to  sup- 
ply water  for  advancing  the  shields,  with 
which  we  here  have  nothing  to  do.  Total  free 
air  capacity  of  plant,  22,014  cu.  ft.  per  min. 

PENNSYLVANIA     RAILROAD     EAST     RIVER     TUNNELS 
LONG    ISLAND    CITY    PLANT. 

This  plant  of  S.  Pearson  &  Son  at  Flushing 
street  and  East  River  has  the  same  units  as 
the  above,  except  that  it  has  no  Class  "A" 
compressors,  and  the  entire  plant  is  quite  dif- 
ferently arranged,  the  large  yard  space  allow- 


Fig.  7.     Long  Island  City  Plant.     S.  Pearson  &  Son. 


used  for  preliminary  development  work  and 
generally  held  in  reserve.  Free  air  capacity, 
1,766  cu.  ft.  per  min.  This  is  the  plant  men- 
tioned above  guaranteed  to  work  up  to  a  pis- 
ton speed  of  700  and  in  emergencies  to  875 
feet  per  minute,  and  which  bas  been  run  up 
to  945  feet  in  actual  work. 

There  are  here  six  500  h.  p.  Sterling  boilers, 
three  Wheeler  condensers,  with  independent 
Edwards  air  pumps,  three  centrifugal  pumps 
of  the  Buffalo  Forge  Company  supplying  wa- 
ter from  the  East  River  for  jackets,  inter- 
coolers,  aftercoolers  and  condensers,  duplex 
boiler  feed  pumps  in  duplicate,  a  separate  sys- 
tem of  gravity  lubrication,  a  special  loop 
steam  system  with  Holly  drip  arrangement 
and  a  chemical  oil  separator.  A  working 
steam  pressure  of  150  pounds  is  carried 
throughout  and  everything  possible  is  run  con- 


ing great  length  for  the  power  house.  Fig.  7 
is  a  snap-shot  of  the  exterior.  The  vertical 
pipes  will  be  noticed,  capped  with  strainers 
for  the  intake  air.  Instead  of  the  Class  "A" 
compressors  an  additional  Corliss  compressor, 
the  same  as  the  others  for  low  pressure  air, 
was  installed,  making  the  total  free  air  ca- 
pacity of  the  plant  at  500  feet  piston  speed — 
23.934  cubic  feet  per  minute. 

PENNSYLVANIA   RAILROAD    NORTH    RIVER  TUNNELS, 
MANHATTAN    PLANT. 

The  plant  of  the  O'Rourke  Engineering  Con- 
struction Company  at  33rd  street  and  nth  ave- 
nue. New  York,  the  general  exterior  of 
which  is  shown  in  Fig.  8,  comprises  three 
cross  compound  Corliss  compressors  with 
steam  cylinders  14  and  30  by  36  inch  stroke 
and  duplex  air  cylinders  23%  inch  diameter 
for   maximum   air   pressure   50   pounds.      Free 
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air  capacity,  8652  cubic  feet  per  minute. 
There  is  also  one  cross  compound  Corliss  com- 
pressor with  steam  cylinders  14  and  22  by  36 
inch  stroke  and  duplex  air  cylinders  I4T4  inch 
to  compress  to  140  pounds,  using  either  free 
air  or  air  taken  from  the  aftercoolers  of  the 
low  pressure  compressors.  Free  air  capacity, 
1068  cubic   feet   per   minute. 


cylinders  36^4  and  22*4  inch  diameter.  The 
engine  has  its  own  air  pump  and  condenser. 
Free  air  capacity,  3534  cubic  feet  per  minute. 
This  compressor  was  originally  installed  at  Je- 
rome Park  Reservoir,  where  it  was  in  service 
about  six  years.  Besides  this,  there  are  two 
Ingersoll  Class  "A"  compressors,  24  and  2434 
by  30  inch  stroke,  free  air  capacity  3140  cubic 


Fig.  8.     Manhattan  Power  House.     O'Rourke  Engineering  Construction  Co. 


PENNSYLVANIA   RAILROAD    NORTH    RIVER  TUNNELS, 
WEEHAWKEN    PLANT. 

This  plant,  also  of  the  O'Rourke  Engineering 
Construction  Company,  foot  of  Baldwin  ave- 
nue and  North  River.  Weehawken,  X.  J.,  is  an 
exact  duplicate  of  the  preceding.  Total  free 
air  capacity,  9720  cubic  feet  per  minute.  The 
interior  of  this  plant  is  seen  in  Fig.  9. 

PENNSYLVANIA     RAILROAD    TUNNEL     UNDER 
BERGEN    HILL. 

This  plant  of  the  John  Shield's  Construc- 
tion Company  at  Hempstead,  X.  J.,  comprises 
one  Ingersoll  Class  "A"  compressor,  24  and 
24'i  by  30  inch,  free  air  capacity,  1570  cubic 
feet  per  minute,  and  four  Rand  Class  "C"  _?4 
and  24  by  30  inch,  free  air  capacity,  6280  cubic 
feet  per  minute. 

NEW    YORK     AND     BROOKLYN     SUBWAY    TUNNEL, 
BATTERY     PARK,      MANHATTAN. 

The  principal  compressor  in  this  plant  of 
the  New  York  Tunnel  Company,  the  contract- 
ors, is  an  Ingersoll  cross  compound  Corliss, 
steam  cylinders  24  and  44  inch  diameter  and  48 
inch    stroke    with    two  piston    inlet    air 


feet  per  minute.    There  are  two  Heine  and  two 
Hogan  water  tube  boilers. 

NEW      YORK      AND      BROOKLYN      SUBWAY     TUNNEL, 

J0R0LEM0N     AND    FORMAN     STREETS, 

BROOKLYN. 

This  plant,  while  of  considerably  larger  to- 
tal capacity  than  that  at  Battery  Park,  has  for 
its  largest  unit  the  other  Jerome  Park  Reser- 
voir compressor,  an  Ingersoll  cross  compound 
Corliss  with  steam  cylinders  24  and  44  inch 
diameter  by  48  inch  stroke  and  single  stage, 
piston  inlet,  air  cylinders  24*4  inch  diameter. 
Free  air  capacity,  3140  cubic  feet  per  minute. 
This  compressor  also  has  its  own  air  pump 
and  condenser.  There  are  also  two  Ingersoll 
cross  compound,  Class  "GC"  compressors 
with  steam  cylinders  22  and  34  inch  diameter 
by  24  inch  stroke  and  single  stage  piston  inlet 
air  cylinders  30^4  and  28*4  inch  diameter. 
The  difference  in  the  diameters  of  these  cylin- 
ders is  due  to  the  exigencies  of  manufacture 
when  the  machines  were  required  at  very  short 
notice.  These  compressors  were  not  required 
to  compress  the  air  to  above  25  or  30  pounds. 
Free  air  capacity,  9184  cubic  feet  per  minute. 
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There  is  one  Rand  Class  B-4  cross  compound 
compressor  with  single-stage  air  compression, 
steam  cylinders  20  and  32  inch  diameter  by  30 
inch  stroke  and  air  cylinders  26  inch  diameter. 
Free  air  capacity,  3686  cubic  feet  per  minute. 
Two  Ingersoll  Class  "A"  straight-line  piston 
inlet  compressors  24-inch  steam  and  2414-inch 
air  by  30-inch  stroke.  Free  air  capacity,  3140 
cubic  feet  per  minute. 

BELMONT    EAST    RIVER    TUNNEL    PLANTS. 

As  these  were  the  subject  of  a  previous  arti- 
cle we  here  merely  enumerate  the  sizes  and 
capacities  of  the  compressors  employed.  At 
42nd  street.  [Manhattan,  there  is  in  one  power 


also  an  Ingersoll  cross  compound  steam,  two- 
stage  air,  Class  HC  compressor  with  steam 
cylinders  and  stroke  as  above,  but  with  air 
cylinders  25J4  and  i6}4  inch  diameter  for  100 
pounds  air  pressure.  Free  air  capacity  1704 
cubic  feet  per  minute.  Fig.  10  shows  one  of 
those  compressors  being  set  up  in  place  before 
the  house  was  built  over  it. 

On  Man-o'-War's  Reef  there  are  three  du- 
plex Class  "J''  Ingersoll  belted  compressors 
with  air  cylinders  20^4  inch  diameter  by  18 
inch  stroke  for  50  pounds  pressure ;  aggregate 
free  air  capacity,  6540  cubic  feet  per  minute ; 
one  electric  belted  two-stage  machine  for   100 


Fir,.  9.     Interior  Weehawken  Power  House. 


house  a  Rand  cross  compound  Corliss  two- 
stage  air  compressor  with  steam  cylinders  24 
and  40  by  48  inch  stroke  and  air  cylinders  39 
and  24  inch ;  free  air  capacity,  4147  cubic  feet 
per  minute,  and  an  Ingersoll  cross  compound 
Corliss  two-stage  compressor  with  steam  cylin- 
ders 22  and  40  by  42  inch  stroke,  and  air  cyl- 
inders 38  and  24  inch ;  free  air  capacity,  3937 
cubic  feet  per  minute.  In  the  other  power 
house  there  are  three  Ingersoll  cross  compound 
steam,  duplex  air  class  "H"  compressors  with 
steam  cylinders  15  and  28  by  16  inch  stroke 
and  air  cylinders  20^4  inch  diameter  for  a 
maximum  pressure  of  50  pounds ;  free  air 
capacity  6540  cubic  feet  per  minute.     There  is 


pounds  pressure  with  air  cylinders  25*4  and 
1654  diameter  by  18  inch  stroke ;  free  air  ca- 
pacity, 1704  cubic  feet  per  minute.,  and  two 
Ingersoll  Class  "A"  straight  line  compressors, 
24  inch  diameter,  steam,  26*4  diameter  air  by 
30  inch  stroke ;  free  air  capacity,  3686  cubic 
feet  per  minute. 

At  the  Long  Island  City  plant  there  are  two 
Ingersoll  cross  compound  steam,  two-stage 
air,  Class  "H"  compressors  with  steam  cylin- 
ders 15  and  28  by  16  inch  stroke  and  air  cyl- 
inders 2$%  and  i6T4  for  100  pounds  air  pres- 
sure:  free  air  capacity,  3408  cubic  feet  per 
minute.  There  are  here  also  two  Ingersoll 
Class  "A"  compressors  24  and  2614  by  30  inch 
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stroke;  free  air  capacity,  3686  cubic  feet  per 
minute  and  one  Class  "A"  compressor  24  and 
24^  by  30  inch  stroke;  free  air  capacity,  1570 
cubic  feet  per  minute. 

HUDSON      COMPANIES — NORTH       RIVER      TUNNELS, 
MORTON    STREET,    MANHATTAN. 

This  pair  of  tunnels  now  completed  was 
begun,  or  one  of  them,  a  quarter  of  a  century 
ago,  the  work  having  been  stopped  by  serious 
accidents  and  financial  difficulties.  The  final 
plant  here  comprised  one  duplex  Rand  com- 
pressor 22  and  22  by  24  inch  stroke,  free  air 
capacity  2640  cubic  feet  per  minute ;  one  Inger- 
soll  Class  "A"  22  and  22^  by  24,  free  air  ca- 
pacity 1320  cubic  feet;  one  Ingersoll  20  and 
22J4  by  24,  free  air  1320,  and  an  Ingersoll  16 
and  1654  by  18,  free  air  698. 


one  Ingersoll  duplex  Class  "H"  compressor 
16  and  20J4  by  16  inch  stroke,  free  air  2178 
cubic  feet  per  minute. 

HUDSON       COMPANIES NORTH       RIVER      TUNNELS, 

NEAR    PENNSYLVANIA    STATION,    JERSEY   CITY, 
N.     J. 

The  tunnels  here  being  driven  are  to  enter 
Xew  York  City  near  Cortlandt  street;  there 
is  no  plant  opposite,  the  tunnels  being  driven 
entirely  from  their  western  ends.  There  are 
here  three  Ingersoll  Class  "HC"  cross  com- 
pound steam,  two-stage  air,  compressors  for 
high  pressure  air,  and  three  Ingersoll  Class 
"H"  cross  compound  steam  and  duplex  single- 
stage  air  compressors  for  the  low  pressure  air. 
The  former  are  14  and  28  inch  steam  and  24*4 
and   1414   air  by   16  inch  stroke,  free  air  ca- 


Fig.   10.     Erecting  Compressors  Before  the  Building. 


HUDSON      COMPANIES — NORTH      RIVER      TUNNELS, 
I5TH     STREET,    HOROKEN,     N.    J. 

This  plant  is  located  immediately  opposite 
the  preceding,  working  at  the  other  ends  of 
the  same  tunnels  and  continuing  them  west- 
ward into  the  land.  There  is  one  compressor 
here  which  was  sold  to  the  Hudson  River  Tun- 
nel Company  in  1880  and  overhauled  in  1890 
which  was  still  doing  good  service  until  the 
work  was  finished.  It  is  now  rated  as  an  In- 
gersoll Class  "A",  20  and  20*4  by  30  inch 
stroke,  free  air  capacity,  1089  cubic  feet  per 
minute.  There  are  also  two  Ingersoll  Class 
"A"  compressors  22  and  26*4  by  24  inch  free- 
air   capacity   2686   cubic   feet   per   minute   and 


pacity,  4710  cubic  feet  per  minute,  and  the 
latter  are  of  the  same  steam  dimensions  with 
air  cylinders  22%  by  16  inch,  free  air  capacity, 
7920  cubic  feet  per  minute. 

HUDSON   COMPANIES — NO.  4  PLANT,   WASHINGTON 
STREET,    JERSEY    CITY. 

This  plant  has  been  employed  upon  land 
tunnels  connecting  the  two  preceding.  It  com- 
prises two  Rand  Class  "B"  compressors,  cross 
compound  steam  cylinders  18  and  30  inch,  and 
two-stage  air  cylinders  26  and  15  inch  by  30 
inch,  free  air  capacity  3686  cubic  feet  per  min- 
ute, and  two  Rand  Class  "B"  compressors  with 
steam  dimensions  as  above  and  duplex  air  cyl- 
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inders  23  inch  diameter  by  30  inch  stroke,  free 
air  capacity,  5768  cubic  feet  per  minute. 

SUMMARY  OF  TUNNEL  PLANTS. 

The  total  free  air  capacity  of  all  the  com- 
pressors here  enumerated  is  191,291  cubic  feet 
per  minute,  which  would  be  represented  by  a 
cube  with  a  side  of  over  57  feet.  The  total 
number  of  compressors  is  80,  most  of  them 
approaching  the  largest  sizes  built.  The  actual 
horse  power  employed  has  not  been  computed 
on  account  of  the  differences  in  the  air  pres- 
sures, but  probably  was  not  less  than  40,000. 
The  number  of  steam  cylinders  is  120  and  the 
number  of  air  cylinders  138.  That  these  com- 
pressors have  been  kept  constantly  running, 
mostly  night  and  day,  and  generally  at  speeds 
which  would  be  considered  excessive,  is  some- 
thing for  the  builders,  the  owners  and  the 
operators  to  be  proud  of.  Whatever  delays 
have  occurred,  whatever  accidents  have  hap- 
pened, whatever  of  the  unforeseen  has  been  en- 
countered, the  air  compressors  have  been  al- 
ways ready,  always  efficient  and  always  to  be 
relied  on. 

It  will  be  seen  that  the  compressed  air  for 
this  tunnel  work  is  delivered  and  used  at  two 
quite  different  pressures,  requiring  two  differ- 
ent classes  of  compressors  and  separate  pipe 
lines  for  transmission.  The  low  pressure  air 
for  the  shield  work  is  generally  used  at  pres- 
sures between  20  and  30  pounds,  the  compres- 
sion of  this  air  is  single-stage  and  the  com- 
pressors are  usually  guaranteed  for  a  maxi- 
mum of  50  pounds.  The  high  pressure  air  for 
operating  the  drills  is  required  to  be  higher 
than  the  normal  for  such  work,  as  the  air 
from  them  is  exhausted  against  the  air  pres- 
sure of  the  shield.  The  air  for  this  service  is 
carried  at  pressures  above  100  pounds  up  to 
140  or  150  pounds,  the  compression  being  two- 
stage  with  of  course  efficient  intercooling. 
Many  of  the  installations  also  include  after- 
coolers,  which  are  found  to  contribute  to 
economy  of  operation,  giving  drier  air  and  re- 
ducing the  volume  during  transmission  with- 
out any  ultimate  reduction  of  volume  when 
the  air  is  used  at  the  end  of  the  line. 

The  usual  conditions  of  steam  economy  are 
insisted  upon  throughout  these  plants.  Steam 
is  carried  at  pressures  up  to  150  pounds,  the 
steam  ends  of  the  compressors  are  generally 
compounded,  and  condensing  apparatus  is  usu- 
ally installed  for  each  entire  plant  whether  the 
individual  units  are  compounded  or  not.  The 
automatic  regulation  of  the  speeds  of  the  com- 


pressors according  to  the  varying  demands  of 
the  service  has  been  a  notable  and  successful 
feature. 

Much  the  larger  volume  of  the  air  com- 
pressed has  been  for  the  low  pressure  service 
to  oppose  the  inrush  of  water,  and  passengers 
on  the  East  River  ferries  have  seen  the  water 
actively  boiling  with  the  escape  of  this  air,  so 
that  most  of  it  may  in  a  wav  be  said  to  have 


Fig.  11.     Extending  Boiler  House. 

been  lost  or  wasted.  Under  the  most  favor- 
able conditions  the  use  of  air  in  subaqueous 
tunnels  is  a  very  different  problem  from  that 
of  the  vertical  caisson.  In  the  latter  the  pres- 
sure adjusts  itself  precisely  to  that  of  the  sur- 
rounding water,  the  air  escaping  under  the 
edge  when  the  pressure  is  at  all  in  excess,  and 
the  compressor  supplying  a'  caisson  has  only 
to  make  up  for  the  losses  in  the  air  lock  and 
to  renew  the  air  sufficiently  for  safe  respira- 
tion. 

When  the  air  pressure  at  the  top  of  the  tun- 
nel is  sufficient  to  balance  the  pressure  of  the 
water  and  hold  it  back  the  air  pressure  at  the 
bottom  of  the  tunnel  will  be  five  or  six  pounds 
too  light,  and  if  the  pressure  is  increased  to 
balance  the  water  pressure  at  the  bottom  then 
it  is  able  to  blow  off  at  the  top  with  consid- 
erable force,  and  where  the  superincumbent 
material  is  in  a  soft  or  semi-fluid  condition  the 


4698 


COMPRESSED    AIR. 


air  finds  its  way  through  it  in  all  directions. 
The  compressors  in  this  service  were  con- 
stantly worked  to  their  utmost  in  the  struggle 
with  the  soft  mud  waiting  to  rush  in,  and  only 
a  very  unstable  equilibrium  could  be  main- 
tained at  the  best. 


INDUSTRIAL    LIQUEFACTION   OF 
AIR 

An  extensive  plant  for  producing  oxygen 
from  liquid  air  on  an  industrial  scale  is  now 
being  erected  in  Buffalo  by  the  Linde  Air 
Products  Company,  Dr.  Linde's  system  of  air 
liquefaction  and  subsequent  rectification  being 
applied.  The  following  information  concern- 
ing this  interesting  installation  has  been  given 
to  Electrochemical  and  Metallurgical  Industry 
by  Mr.  Cecil  Lightfoot,  consulting  engineer 
and  general  manager  of  the  company : 

The  action  of  the  Linde  apparatus  for  pro- 
ducing liquid  air  is  based  on  the  refrigerating 
effect  resulting  from  an  expansion  of  air  from 
a  higher  to  a  lower  pressure  and  which  is  due 
to  the  performance  of  internal  w^ork.  The  ac- 
tion of  any  desired  number  of  expansions  is 
accumulated  and  intensified  by  causing  each 
preceding  expansion  to  act  as  a  fore-cooler 
for  the  air  for  the  following  expansion.  Since 
the  refrigerating  action  depends  upon  the  dif- 
ference of  pressure  before  and  after  expan- 
sion, while  the  work  of  compression  corre- 
sponds to  the  ratio  of  these  pressures,  it  is  ad- 
vantageous to  select  a  large  difference  in  pres- 
sures but  a  small  ratio  of  pressures.  In  the 
Linde  apparatus  air  is  expanded  from  an  initial 
pressure  of  about  200  atmospheres  to  about 
50  or  20  atmospheres,  so  that  the  difference  of 
the  pressures  varies  between  150  and  180  and 
the  ratio  is  between  4  and  10. 

As  will  be  seen  in  the  cut,  a  triple  coil  is 
provided  which  is  composed  of  copper  tubes 
placed  one  within  the  other.  This  is  called 
the  heat  interchanger.  Air  compressed  to  200 
atmospheres  flows  downward  through  the  in- 
nermost coil,  at  the  lower  extremity  of  which 
it  is  allowed  to  expand  to  an  intermediate 
pressure  of  20  to  50  atmospheres.  The  ex- 
panded air  is  then  returned  through  the  an- 
nular space  between  the  innermost  and  middle 
coils  to  the  top,  when  it  is  again  compressed 
up  to  200  atmospheres  pressure  and  the  cycle 
is  repeated.  Immediately  behind  the  first  reg- 
ulating valve  A  is  placed  a  second  valve  B, 
through  which,  when  the  operation  of  the  ma- 


chine has  been  brought  to  a  state  of  equilib- 
rium, a  small  quantity  of  air  is  allowed  to 
escape  at  atmospheric  pressure,  a  correspond- 
ing amount  being  introduced  into  the  cycle 
from  the  surrounding  atmosphere.  Part  of 
this  air  leaves  the  second  regulating  valve  in 
the  liquid  state  and  collects  in  the  vessel  C ; 
the  remaining  portion  is  returned  to  the  atmos- 
phere through  the  annular  space  between  the 
middle  and  outer  coils.  The  liquid  air  is  drawn 
from  the  collector  by  means  of  the  small 
cock  D. 

In  the  larger  installations  the  necessary  com- 
pression of  the  air  is  effected  by  means  of  a 
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high-pressure  air  pump,  which  is  usually  ar- 
ranged for  two-stage  compression,  working  in 
conjunction  with  a  single-cylinder  low-pressure 
air  pump.  The  high-pressure  cylinder  F  of 
the  former  draws  the  partly  expanded  air  from 
the  heat  interchanger  at  an  intermediate  pres- 
sure of  about  50  atmospheres,  and  compress- 
ing it  up  to  200  atmospheres  pressure,  delivers 
it  to  the  interchanger  again  through  the  cooler 
E.  The  air  which  is  to  be  added  to  the  cycle 
as  "make-up"'  is  supplied  by  the  low-pressure 
air  pump  H,  which  draws  it  from  the  atmos- 
phere, compresses  it  to  a  pressure  of  4  at- 
mospheres and  delivers  it  to  the  low-pressure 
cylinder  G  of  the  high-pressure  air  pump, 
where  it  is  compressed  to  a  pressure  of  50  at- 
mospheres. At  this  pressure  it  enters  the  high- 
pressure  cylinder,  together  with  the  partly  ex- 
panded air  from  the  heat  interchanger,  as  de- 
scribed above. 

Low-pressure  compressors  are  not  usually 
supplied  with  the  smaller  sizes  of  air-liquefy- 
ing plants,  the  lower  pressure  of  the  cycle  being 
in  such  cases  maintained  at  20  atmospheres 
and  the  low-pressure  cylinder  G  drawing  the 
"make-up"  air  direct  from  the  atmosphere. 
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Regulation  of  the  several  pressures  is  per- 
formed with  the  aid  of  pressure  gauges  by 
means  of  regulating  valves  in  the  heat  inter- 
changer.  Safety  valves  are  provided  to  pre- 
vent the  maximum  pressures  being  exceeded. 

In  electric-furnace  operations  when  electric 
energy  is  expensive,  it  is  advantageous  to  pre- 
heat the  charge  or  to  start  at  once  with  a 
molten  charge  so  as  to  produce  only  the  high- 
est temperatures  from  electrical  energy,  in  or- 
der to  save  in  the  consumption  of  the  expen- 
sive electrical  energy.  In  the  liquefaction  of 
air  where  the  object  is  to  get  a  very  low  tem- 
perature it  is  advantageous  in  quite  an  analo- 
gous way  to  pre-cool  the  air.  For  this  pur- 
pose a  fore-cooler  is  provided  by  means  of 
which  the  compressed  air  is  reduced  in  tem- 
perature to  5  or  10  degrees  above  zero  Fahren- 
heit, by  refilling  the  receptacle  provided  for  the 
purpose  with  a  suitable  freezing  mixture,  such 
as  ice  and  salt.  This  is  practical  in  smaller 
installations. 

On  the  other  hand,  with  large  installations, 
the  preliminary  cooling  of  the  air  is  preferably- 
brought  about  by  a  small  belt-driven  refriger- 
ating machine  on  the  ammonia  compression 
system.  The  adoption  of  fore-cooling  is  ad- 
visable in  all  cases,  but  especially  when  the 
cost  of  power  is  an  item  of  great  importance. 

Between  the  compressor  and  the  fore-cooler, 
apparatus  is  provided  for  separating  water 
from  the  compressed  air.  This  apparatus  is 
provided  with  a  suitable  drain  cock.  Further 
extraction  of  the  aqueous  vapors  from  the 
compressed  air  with  the  smaller  installations 
is  performed  in  the  fore-cooler.  In  larger 
plants  the  drying  process  is  effected  after  the 
last  stage  of  compression  by  means  of  chloride 
of  calcium  placed  in  the  dryer  supplied  with 
the  machine. 

If  the  liquid  air  is  to  be  used  for  the  pro- 
duction of  pure  oxygen  and  pure  nitrogen  it  is 
subjected  to  a  process  of  rectification  which  is 
very  similar  to  the  process  employed  in  spirit 
distilleries  for  the  separation  of  alcohol  and 
water.  In  this  way  it  is  possible  to  get  oxygen 
95  per  cent,  pure,  and  if  the  output  is  reduced 
by  io  or  20  per  cent,  the  purity  of  the  oxygen 
may  be  brought  up  to  as  much  as  98  or  99  per 
cent.  The  chief  advantages  of  this  method  of 
producing  pure  oxygen  are  claimed  to  be  low 
expenses,  simplicity  and  safety  in  work,  and 
the  freedom  of  the  oxygen  from  water  vapor, 
chlorine,  etc.    The  residual  gases  entirely  con- 


sist of  the  ordinary  nitrogen  constituents  of 
the  atmosphere. 

An  interesting  application  of  nitrogen  pro- 
duced from  air  in  this  way  is  in  the  produc- 
tion of  calcium  cyanamide.  Five  Linde  plants 
are  already  at  work  in  Europe  on  a  very  ex- 
tensive scale  for  this  purpose  alone,  whilst 
other  and  still  larger  installations  are  now  in 
course  of  construction,  so  that  the  industry 
appears  to  be  already  well  established.  It  will 
be  remembered  that  for  the  production  of  cy- 
anamide, calcium  carbide  is  treated  in  a  nitro- 
gen atmosphere  at  an  elevated  temperature. 
It  is,  therefore,  necessary  to  first  get  the  nitro- 
gen from  air.  The  question  then  comes  up 
what  to  do  with  the  oxygen,  and  while  there 
are,  of  course,  many  applications  like  its  use  in 
blow-pipes,  etc.,  the  interesting  suggestion  has 
been  made  to  use  the  oxygen  for  enriching 
atmosphere  air  in  oxygen  and  then  to  treat 
the  latter  by  electric  arc  discharges  to  produce 
nitrogen  oxides  for  the  subsequent  manufac- 
ture of  nitric  acid  and  nitrates.  In  this  way 
the  two  methods  which  have  so  far  been  found 
practical  for  the  fixation  of  atmospheric  nitro- 
gen would  work  side  by  side ;  the  nitrogen 
obtained  from  the  liquid  air  would  be  used  in 
the  calcium  cyanamide  manufacture  and  the 
oxygen  would  be  used  in  the  nitric  acid  manu- 
facture. 

Altogether,  about  100  liquid  air  plants  on 
Dr.  Linde's  system  have  already  been  supplied, 
of  which  nearly  half  are  employed  either  for 
the  production  of  oxygen  or  of  nitrogen  in  the 
pure  state,  or  of  both. 

Liquid  air  at  atmospheric  pressure  boils  at 
312  degrees  Fahrenheit.  As  the  more  volatile 
nitrogen  evaporates  the  color  of  the  liquid  as- 
sumes a  bluish  tinge,  the  color  of  liquid  oxy- 
gen. Vacuum  vessels  are  necessary  for  the 
storage  of  liquid  air,  oxygen  and  other  gases 
which  have  these  low  boiling  points.  These 
vessels,  generally  cylindrical  or  globular,  con- 
sist of  two  similar  glass  vessels  but  one  con- 
siderably smaller  than  and  contained  in  the 
other,  the  two  being  hermetically  united  at 
their  necks.  The  space  between  the  two  ves- 
sels is  then  roughly  exhausted  and  sealed  un- 
der a  high  permanent  vacuum.  The  rate  of 
evaporation  of  liquid  air  in  these  vessels  is  ap- 
proximately 5  to  is  per  cent,  of  the  original 
volume  in  24  hours.  As  evaporation  only  takes 
place  from  the  surface  of  the  liquid,  the  size 
of  the  vessel  is  an  important  factor  in  deter- 
mining  the   time   the    air   can   be    stored.      If 
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allowed  to  rest  in  a  quiescent  state  evaporation 
is  much  less  rapid  than  if  subject  to  vibration 
or  larger  movements.  Vacuum  vessels  of  half 
a  gallon  capacity  and  upwards  should  not  be 
tilted  to  pour  out  the  liquid,  as  the  sudden 
cooling  of  the  glass  at  the  neck  and  the  con- 
sequent local  contraction  might  crack  the  ves- 
sel. A  small  hand  pump  is  a  convenient  de- 
vice for  emptying  vessels  without  tilting  or 
inverting. 


PORTABLE    PNEUMATIC    TOOLS 

The  above  is  the  title  of  a  paper  read  re- 
cently before  the  Institution  of  Mechanical 
Engineers  by  Mr.  Bing.  Attention  was  called 
to  the  numerous  improvements  in  these  tools 
and  to  the  new  tools  which  have  appeared, 
especially  in  Great  Britain,  since  the  century 
began.  The  principal  typical  uses  to  which 
the  various  tools  are  put,  and  especially  the 
effect  of  their  use  on  the  cost  of  production, 
was  also  gone  into,  showing  substantial  prog- 
ress in  the  last  six  and  a  half  years  in  both 
the  tools  and  the  range  of  their  work.  Pneu- 
matic tools  are  now  found  in  use  in  practically 
all  engineering  works,  shipyards  and  mines, 
not  only  in  America  and  Great  Britain,  but 
all  over  the  world,  and  in  addition,  they  are 
largely  used  by  contractors  everywhere  on 
constructional  work  of  steel,  stone  and  wood. 
Not  only  have  the  various  trades  concerned 
availed  themselves  largely  of  the  advantages 
offered  by  these  tools,  but  at  the  present  time 
there  are  many  engineering  firms  in  this  coun- 
try engaged  in  their  manufacture :  also,  the 
tools  produced  by  them  compare  very  favora- 
bly, with  regard  to  accuracy  of  workmanship 
and  quality  of  the  material  employed,  with 
those  made  on  the  other  side  of  the  Atlantic. 
Users  doubtless  might  be  found  who  would 
say  that  there  is  still  considerable  room  for 
improvement,  and  that  the  length  of  life  of 
all  kinds  of  pneumatic  tools  is  not  what  it 
should  be. 

Generally  speaking,  ordinary  work  is  now 
done  by  these  tools  at  a  price  for  labor  equiva- 
lent to  a  reduction  of  from  35  to  60  per  cent, 
off  hand  labor  rates,  but  on  work  at  all  awk- 
ward to  get  at  with  hand  tools  the  reduction 
would  be  greater  still.  With  regard  to  scaling 
boilers  by  pneumatic  hammers,  Messrs.  John 
Allen  &  Sons,  of  Kilburn,  give  the  following 
comparative  figures,  one  boiler — Cornish,  30 
ft.  by  6  ft. — only  being  referred  to,  the  aver- 


age thickness  of  scale  being  y$  in.  The  two 
pneumatic  hammers  weighed  9^4  lbs.  each, 
with  pistons  1  1-16  in.  diameter,  and  1J4  in. 
stroke.  When  the  work  was  done  by  hand 
eight  men  at  18  cents  per  hour  were  employed 
for  nine  hours  per  day,  each  man  receiving  60 
cents  per  day  extra  as  "dirt"  money.  The  job 
took  six  days. 

Cost  per  day:  Eight  men  at  $2.30. .  $13.40 

Cost  for  the  six  days 1 10.40 

With  two  pneumatic  hammers,  four  men 
employed,  two  using  the  pneumatic  hammers 
and  two  their  hand  tools,  the  same  job  took 
but  three  days. 

Cost  per  day:   Four  men  at  $2.30..$  9.20 

Cost  for  the  three  days.. 27.60 

The  saving  of  labor  thus  being....  82.80 
The  riveting  hammers  are  now  capable  of 
closing  rivets  up  to  V/2  in.  diameter,  and  are 
employed  in  all  kinds  of  constructional  iron 
work,  both  in  the  yards  and  in  the  field;  on 
boiler  work,  on  furnaces,  combustion  cham- 
ber, and  shell  plating,  and  in  shipbuilding  for 
both  shell,  bulkhead  and  deck  riveting. 

Of  all  ship  work  deck  riveting  is  perhaps 
the  easiest  to  do,  because  the  deck  below  usu- 
ally forms  a  convenient  means  for  supporting 
the  pneumatic  holder-on,  and  where  an  open 
hatchway  occurs,  a  plank  can  readily  be  laid 
across.  The  riveting  hammer,  too,  being  used 
in  a  vertical  position  and  downwards,  is  easily 
held  and  directed.  With  practice  many  rivet- 
ers become  so  expert  that  they  prefer  to  dis- 
pense with  the  carriages  provided  to  support 
the  hammers,  and,  given  a  good  run  of  work, 
reamered  holes,  plates  well  bolted  up,  a  good 
rivet  forge,  and  a  smart  boy,  will  make  good 
money  at  a  rate  only  one-half  of  that  given 
for  similar  work  done  by  hand.  Much  bulk- 
head riveting  is  done  with  the  aid  of  the  spring 
dolly-bar  for  holding  up,  especially  under  con- 
ditions in  which  it  is  difficult  to  arrange  to 
support  the  ordinary  pneumatic  holder-on. 

The  amount  of  boiler  riveting  done  by  pneu- 
matic hammers  is  gradually  increasing,  and 
pneumatic  tools  are  to-day  employed  on  all 
types  of  boilers,  the  rivets  so  driven  in  many 
marine  boiler  shops  satisfactorily  passing  the 
tests  imposed  by  the  Board  of  Trade  and 
Lloyd's  surveyors. 

The  improvement  in  pneumatic  riveting  by 
the  use  of  the  double  piston  holder-on  was  so 
marked  that  a  hammer  type  holder-on  is  be- 
ing introduced,  the  piston  of  which  is  really 
a   valveless  pneumatic  hammer.     Its  piston  is 
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actuated  by  the  air  which  is  admitted  to  the 
back  end  of  the  containing  cylinder  to  drive 
it  forward.  In  use,  both  hammers  strike  the 
rivet  together,  but,  after  the  head  of  the  rivet 
has  been  well  set  up,  the  holder-on  hammer 
is  stopped  by  closing  the  exhaust  passages  and 
the  point  of  the  rivet  finished  off,  while  the 
head  is  supported  by  the  holder-on  acting  in 
the  usual  way.  By  the  use  of  a  pneumatic 
hammer  in  combination  with  a  holder-on,  the 
operation  of  which  is  under  control,  it  will  be 
seen  that,  under  all  ordinary  conditions  of 
working,  the  rivet  hole  at  the  head  can  be 
quite  as  well  filled  as  at  the  point,  provided 
the  rivet  is  well  heated  its  whole  length,  and 
that  it  is  also  insured  that  the  head  itself 
shall  be  tight  up  against  the  plate. 

Pneumatic  drills  continue  to  form  a  most 
important  item  in  the  machine  equipment  of 
nearly  all  engineering  and  shipbuilding  works, 
and  since  1900  the  number  of  these  machines 
in  use  in  Great  Britain  has  increased  tenfold, 
a  fact  strikingly  significant  of  their  general 
utility.  On  work  to  which  these  machines 
were  first  applied,  such  as  drilling  out  stays 
in  repairing  boiler  fire-boxes  of  all  kinds, 
driving  combustion  chamber  and  fire-box  stay- 
taps,  stay-tube  taps,  turning  in  stays  after  tap- 
ping the  holes,  all  kinds  of  drilling  and  ream- 
ing in  shipbuilding  work,  drilling  on  construc- 
tional iron  work,  etc.,  they  have  more  than 
held  their  own,  and  the  portable  electric  drill 
has  not  yet  ousted  them  from  the  premier 
place.  The  rates  paid  for  pneumatic  drilling 
now  vary  from  40  per  cent,  to  75  per  cent,  off 
rates  paid  for  hand  drilling,  depending  on  the 
nature  of  the  work.  In  many  shipyards,  in- 
cluding the  government  dockyards,  all  rivet 
holes  are  now  reamered  out  by  pneumatic 
drills.  To  obtain  the  best  results  with  wood 
augers  operated  by  pneumatic  drills  running 
at  a  speed  of  from  400  to  650  revolutions  per 
minute,  the  screwed  points  of  the  augers  should 
have  a  pitch  of  not  coarser  than  twenty  threads 
to  the  inch.  The  pitch  of  the  screw,  on  the 
point  of  the  ordinary  hand  auger,  is  from  8 
to  12  to  the  inch  generally,  and  is  much  too 
coarse.  Attention  to  this  detail  is  of  the  great- 
est importance.  Most  of  the  difficulties  at- 
tending the  use  of  these  portable  drills  for 
mining  work — drilling  or  boring  in  coal  or 
ores — have  now  been  overcome,  and  various 
sizes  and  makes  of  drills,  fitted  specially  for 
the  work,  are  now  in  regular  employment,  and 
the  number  is  steadily  increasing. 


In  the  design  of  pneumatic  sand-sifters  a 
rectangular-shaped  sieve  is  used,  which  is 
mounted  on  four  rollers  attached  to  the  top 
horizontal  bars  of  the  frame.  It  is  shaken  or 
vibrated  by  a  valve  type  of  pneumatic  hammer 
of  simple  construction  mounted  on  the  back 
bracket  of  the  frame,  the  sieve  being  attached 
to  the  hammer  piston  by  a  suitable  connection. 
The  sieve  is  slightly  inclined  downwards  from 
the  hammer,  and  the  lower  end  is  open  and 
comes  over  the  shoot.  When  working,  the 
coarser  parts  of  the  feed  are  worked  along 
down  the  incline  and  out  of  the  sieve  at  the 
shoot,  while  the  finer  sand  falls  through  be- 
tween the  four  legs.  Under  ordinary  condi- 
tions of  working  these  machines  require  two 
men  to  shovel  sand  into  the  sieve  if  they  are 
to  be  kept  fully  employed.  The  sieve  meas- 
ures 36  in.  by  18  in.,  but  is  open  for  a  length 
of  18  in.  only,  and  the  mesh  varies  from  %.  in. 
to  */>  in.  The  coarser  material  passes  over 
the  whole  length  of  the  sieve  on  its  way  to 
the  shoot,  and  its  thorough  screening  is  thus 
insured,  while  having  the  sieve  open  for  only 
half  its  length  prevents  it  being  overloaded 
when  working.  Pneumatic  sand-sifters  are 
also  arranged  for  fixing  to  a  post  or  wall. 

Pneumatic  sand-rammers  are  now  beginning 
to  play  an  important  part  in  general  foundry 
and  concrete  work,  such  as  ramming  moulds 
and  cores,  tamping  concrete  clay,  road  founda- 
tions, trenches,  etc.  Rammers  ranging  from 
7  lbs.  in  weight  with  pistons  %  in.  in  diameter 
and  4  in.  stroke  to  those  weighing  280  lbs. 
with  a  piston  3  in.  in  diameter  and  a  10  in. 
stroke,  striking  a  maximum  blow  of  over  350 
lbs.,  are  now  made  and  are  in  general  use, 
but  more  so,  perhaps,  in  the  United  States 
than  elsewhere.  The  hammer  barrel  is  longer 
than  that  of  the  ordinary  pneumatic  hammer, 
giving  a  long  piston  stroke,  and  the  piston  is 
hollow  and  projects  through  the  front  end  of 
the  cylinder,  the  ramming  heads  being  attached 
to  it.  The  lever  for  controlling  the  admission 
of  air  is  placed  so  that  the  operator's  hand 
covers  it  when  the  tool  is  held  in  the  working 
position.  The  weight  of  the  blow  is  regulated 
by  the  distance  the  rammer  head  is  held  from 
the  work,  the  heaviest  blow  being  struck  when 
the  piston  is  allowed  to  travel  its  full  stroke, 
and  lighter  but  more  rapid  blows  when  the  • 
rammer  is  held  closer,  consequent  on  the  short- 
er strokes  then  made.  The  front  end  of  the 
piston  to  which  the  rammer  heads  are  attach- 
ed is  hexagon  in  shape,  so  that  the  head  can 
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not  turn  except  at  the  will  of  the  operator. 
Rammers  up  to  45  lbs.  in  weight  are  handled 
by  one  man,  but  those  above  this  weight  are 
generally  suspended  to  a  swinging  arm  in  such 
a  way  that  they  can  be  readily  moved  about 
over  the  work  and  raised  and  lowered  as  re- 
quired. Concrete,  when  rammed  in  moulds  by 
these  tools,  sets  into  sound  hard  blocks,  as  the 
frequent  tamping  works  the  air  out  and  packs 
the  sand  and  cement  together  very  closely. 
The  small  hand-rammers  enable  a  man  to  get 
through  a  given  amount  of  work  in  from  one- 
half  to  one-quarter  the  time  it  would  take  were 
he  using  hand-rammers,  and  the  largest  ram- 
mer will  do  as  much  work  as  eight  to  twelve 
men  with  hand-rammers. 

Compressed  air  is  now  used  to  remove  foul 
air  or  gas  from  ships'  water  and  ballast  tanks 
before  scaling  and  painting.  It  is  also  used 
when  patented  pitch  compound  is  being  ap- 
plied, to  carry  off  the  unbreathable  noxious 
yellow  smoke  given  off  by  the  compound, 
which  is  put  on  over  a  coating  of  coal  tar  at 
a  temperature  as  near  boiling  point  as  possi- 
ble. This  work  is  done  in  dry  dock,  and  the 
practice  is  to  knock  out  a  shell  rivet  as  far 
away  from  the  manhole  in  the  tank  top  as 
possible,  and  attach  a  hose-pipe  to  convey  the 
air.  When  turned  on  the  air  effectually  drives 
out  the  foul  gases,  and  makes  it  possible  for 
men  to  remain  in  the  tanks  when  the  hot  pitch 
compound  is  being  applied.  In  painting  the  in- 
side plating  of  ships,  the  plates,  when  the  ship 
is  afloat,  are  often  wet  to  a  good  distance 
above  the  water  line  by  condensation  of  mois- 
ture from  the  atmosphere  on  the  cold  surface. 
Paint  will  not  adhere  to  plating  in  this  state, 
but  the  surface  may  be  easily  dried  by  blow- 
ing compressed  air  over  it  for  a  short  time, 
and  quickly  made  ready  for  painting. 


THE    USE   OF    SAND    BLAST    BY 
ELECTRIC  RAILWAYS 

By  J.  M.  Betton. 

Although  the  sand  blast  has  been  used  in 
electric  railway  work  for  a  number  of  years, 
its  adoption  has  not  been  so  general  as  would 
seem  to  be  warranted  by  its  efficiency  and  con- 
venience. With  only  ordinary  care  and  atten- 
tion it  will  do  good  work,  and  it  is  especially 
adapted  to  electric  railways  because  power  for 
operating  an  air  compressor  is  always  avail- 
able at  any  point.     An  air  compressor,  either 


direct  connected  to  the  motor  or  driven  by  a 
belt,  is  easily  procured,  as  is  also  a  steel  tank 
to  be  used  as  an  air  receiver.  Consequently 
there  only  remains  to  be  selected  a  sand  blast 
equipment  with  the  proper  nozzles,  hose,  cou- 
plings, etc. 

Some  companies  prefer  to  make  their  own 
sand  blast  apparatus  or  to  use  anything  that 
will  throw  a  jet  of  sand,  and  perhaps  in  many 
cases,  as  power  is  so  easily  obtained,  this  may 
appear  justifiable.  However,  it  is  well  to  rec- 
ognize the  fact  that  the  machine  that  will  last 
the  longest,  stand  the  knocks  and  rough  han- 
dling that  come  to  it,  and  that  is  the  most 
economical  in  its  use  of  air  and  sand  in  actual 
use  is  the  best  in  the  long  run.  On  a  street 
railway,  as  in  any  other  sort  of  plant,  the  sav- 
ing of  small  quantities  of  power  and  the  stop- 
page of  leaks  are  always  worth  while,  and  it 
is  not  workmanlike  or  good  business  to  use  a 
makeshift  that  wastes  power,  which  always 
costs  the  company  money.  Good  sand  blasts 
are  obtainable  at  prices  which  are  more  than 
reasonable  when  one  considers  the  time  and 
experimenting  required  to  get  up  a  home- 
made affair. 

Sand  blast  outfits  should  be  of  such  design 
that  the  air  supply  can  be  regulated,  and  if 
this  is  applied  at  several  points  instead  of  in 
bulk  at  one  point,  better  economy  will  be  ob- 
tained. One  great  advantage  is  that  the  air 
compressor,  air  receiver  and  sand  blast  can  be 
mounted  on  a  truck  which  will  follow  the 
work,  obtaining  its  power  from  any  feed  wire. 

One  of  the  most  important  uses  of  such 
sand  blast  outfits  is  in  their  use  for  cleaning 
the  ends  of  rails  previous  to  bonding.  For 
this  work,  with  a  5^-in.  nozzle  and  35  lbs.  of 
air  pressure,  100  cu.  ft.  of  free  air  per  minute 
are  required. 

It  will  be  noticed  that  the  steel  poles  used  to 
support  the  feed  or  trolley  wires  often  become 
corroded  for  a  foot  or  two  upward  from  the 
base.  If  no  remedy  is  applied  the  corrosion 
will  in  time  undermine  the  strength  of  the 
posts  and  renewal  will  be  necessary.  All  of 
the  rust,  dirt,  scale  and  accumulation  may  be 
removed  by  the  sand  blast,  leaving  a  new  sur- 
face of  the  clean  gray  iron  or  steel,  which  may 
be  protected  by  a  covering  of  concrete  or  ce- 
ment, thus  materially  prolonging  the  life  of  the 
pole.  This  work  requires  about  35  lbs.  of  air 
pressure  and  can  be  done  quickly  with  a  ^2-in. 
nozzle,  using  clean,  dry  and  moderately  fine 
sand  and  179  cu.  ft.  of  free  air  per  minute. 
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Similarly  all  steel  structural  work,  such  as 
bridges,  viaducts  and  elevated  railway  sup- 
ports, can  be  perfectly  and  quickly  cleaned  by 
the  sand  blast,  using  preferably  a  J^-in.  nozzle 
a»d  35  lbs.  of  air,  increasing  the  pressure  to 
about  50  lbs.  if  the  sand  has  to  be  carried  to 
more  than  ordinary  height.  Corners,  angles, 
recesses  and  other  portions  of  the  structure 
that  cannot  be  reached  in  cleaning  by  hand  can 
be  cleaned  as  readily  as  the  plane  surfaces  of 
the  members. 

In  all  such  work  the  painter's  gang  should 
follow  closely  after  the  sand  blasters,  as  oxi- 
dation is  rapid  and  the  object  of  cleaning  by 
the  sand  blast  is  to  expose  the  raw  metal, 
which,  being  freed  from  rust,  will  hold  the 
paint  that  otherwise  would  scale  off.  In  like 
manner  steel  shapes  in  stock  can  be  cleaned 
when  wanted  for  use. 

Another  use  of  the  sand  blast  is  in  the  clean- 
ing of  the  exteriors  and  interiors  of  burnt-out 
controller  boxes  on  electric  cars.  These  are 
usually  cleaned  by  hand,  but  the  sand  blast 
will  do  the  work  four  or  five  times  quicker 
and  with  greater  thoroughness.  A  pressure 
of  about  25  lbs.  and  a  j^-in.  nozzle,  requiring 
77  cu.  ft.  of  free  air  per  minute,  can  be  used 
to  advantage. 

The  grids  from  storage  batteries  that  have 
run  down  can  also  be  cleaned  with  the  sand 
blast  previous  to  refilling,  using  a  5^-in.  or 
y^-'m.  nozzle  and  about  20  lbs.  air  pressure, 
requiring  from  31  to  69  cu.  ft.  of  free  air  per 
minute.  This  work  should  be  done  out  of 
doors,  and  the  grids  should  be  wet,  as  the  par- 
ticles of  lead  and  dust  are  injurious  if  in- 
haled. 

The  bodies  of  steel  cars  can  be  freed  from 
old  paint,  rust,  scale  and  dirt  in  the  quickest 
manner  by  the  sand  blast,  using  a  ^4-in.  nozzle 
under  35  lbs.  of  air  pressure,  requiring  179  cu. 
ft.  of  free  air  per  minute,  and  the  running  gear 
can  be  also  thoroughly  cleaned  with  the  same 
pressure. 

These  are  only  some  of  the  uses  of  the  sand 
blast  in  electric  railway  work,  and  besides 
cleaning  ornamental  work,  brasses,  etc.,  its 
use  can  be  greatly  extended  in  the  repair  shop 
and  along  the  line.  Considering  the  ease  of 
operation,  the  thoroughness  of  the  work  done 
and  the  very  apparent  economy  over  hand 
work,  the  use  of  the  sand  blast  is  bound  to  in- 
crease when  it  has  the  consideration  it  deserves 
at  the  hands  of  progressive  street  railway 
men. — Electric  Railway  Review. 


DISEASES  OF  CAISSON  WORKERS 

An  International  Congress,  the  fourteenth, 
for  Hygiene  and  Demography,  met  in  Berlin 
during  the  last  week  of  September  of  the  pres- 
ent year.  Papers  were  presented  upon  a  wide 
variety  of  topics — usually  several  upon  each — 
all  within  the  scope  of  the  Congress.  Some 
of  the  subjects  treated  were  as  follows :  Smoke 
Nuisance  in  Large  Towns,  Hygiene  of  Public 
Thoroughfares,  The  Railway  Service,  Sewer- 
age and  Sewage  Purification,  Water  and  Water 
Purification,  Modern  Methods  of  Combating 
Typhoid  Fever,  The  Campaign  Against  Yel- 
low Fever,  The  Malaria  Campaign.  Engineer- 
ing News  has  done  a  valuable  service  in  pre- 
paring summaries  of  the  papers  presented, 
these  appearing  in  its  issue  of  October  24.  The 
following  relating  to  The  Diseases  of  Caisson 
Workers  will  be  of  special  interest  to  our 
readers : 

By  J.  P.  Langlois,  Professor  at  the  Faculty  of 
Medicine  of  Paris. 

The  proposed  regulation  is  itself  the  con- 
clusion for  this  report : 

(1)  Speed  of  compression  uniformly  fixed 
at  4  minutes  per  atmosphere. 

(2)  Speed  of  decompression  gradually  re- 
duced with  the  number  of  atmospheres :  10 
minutes  per  atmosphere  below  2  effective  at- 
mospheres, 15  minutes  between  3  and  2;  2p 
minutes  above  3  atmospheres. 

(3)  Length  of  shift  varying  between  8  and 
4  hours,  according  to  the  pressure. 

(4)  Recompression  apparatus  for  work  in 
pressures  of  above  2  atmospheres. 

(5)  Room  for  rest  on  the  working  prem- 
ises and  lodging  of  the  workmen  in  the  imme- 
diate neighborhood,  for  work  in  pressures  of 
above  2.5  atmospheres. 


By  Dr.  Phillip  Silberstern. 

(1)  The  caisson  workers  occupied  in  highly 
compressed  air  are  showing  a  high  rate  of 
morbidity,  invalidity  and  mortality. 

(2)  The  typical  disease  of  the  caisson  and 
all  other  workers  moving  about  in  compressed 
air  must  be  defined  as  aeraemia.  It  is  pro- 
duced by  large  quantities  of  gases  of  the  sur- 
rounding atmospheres  (chiefly  nitrogen)  be- 
ing absorbed  in  compressed  air  by  thfe  blood 
and  the  liquids  of  the  tissues,  and  being  ex- 
pelled in  the  shape  of  small  bubbles,  when 
the  pressure  is  rapidly  reduced.  Besides  the 
aeraemia,  but  of  less  importance,  are  the  af- 
fections  of  the   tympanic   membrane   and   the 
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middle  ear.  caused  by  a  too  rapid  compression. 

(3)  Aeraemia  can  produce  sudden,  impetu- 
ous, often  fugitive,  sometimes  perilous  dis- 
turbances in  many  vascular  regions.  The 
most  noticeable  are  air  embolism  in  the  regions 
of  the  pulmonary  circulation,  paralysis  of  the 
dorsal  spine  due  to  ischaemia,  phenomena  of 
Meniere,  pains  in  the  muscles  and  articulations. 

(4)  By  returning  sick  caisson  workers  into 
compressed  air,  the  heavy  injuries  of  aeraemia 
can  be  prevented.  This  measure  must,  how- 
ever, be  resorted  to  immediately,  and  conse- 
quently lodgings  for  the  compressed  air  work- 
er- near  the  place  of  work  and  a  recompres- 
sion chamber  equipped  with  oxygen  inhalation 
apparatus  must  be  provided. 

(5)  The  frequency  and  gravity  of  the  com- 
pressed air  diseases  peculiar  to  caisson  work- 
ers depend  in  the  first  place  on  the  height  of 
the  pressure  and  the  rapidity  of  its  drop.  Ae- 
raemia does  not  appear  if  the  pressure  does 
not  exceed  at  least  twice  the  amount  of  the 
normal  atmospheric  pressure.  Injurious  con- 
comitants can  considerably  increase  the  dan- 
ger, as,  for  instance,  tainted  air,  sudden  change 
of  temperature,  rapid  variations  in  the  air 
pressure  during  the  work,  certain  individual 
factors  and  long  shifts  when  the  pressure  is 
very  high. 

(6)  Sufficiently  slow  and  uniform  decom- 
pression is  the  most  important  measure  for  the 
prevention  of  aeraemia.  The  minimum  period 
for  the  drop  of  pressure  ought  to  be  l*/>  min- 
utes for  every  0.1  atmosphere  of  pressure. 

(7)  A  permanent  service  of  supervision  by 
physicians  independent  of  the  contractors  must 
be  established  in  all  cases  where  work  is  exe- 
cuted in  an  air  pressure  of  more  than  1.5  at- 
mospheres above  normal ;  the  physicians  must 
exclude  from  the  work  all  persons  physically 
unfit  for  it  and  must  immediately  give  notice 
to  the  authorities  of  every  case  of  sickness,  so 
as  to  enable  them  to  provide  in  time  for  the 
prevention  of  grave  cases  of  disease,  whereby 
also  useful  material  for  the  statistics  will  be 
collected. 

(8)  As  the  compressed  air  workers  are  ex- 
posed to  great  but  avoidable  danger,  they  must 
be  offered  protection  by  legal  measures  about 
similar  to  those  contained  in  the  "caisson  bill" 
of  the  Netherlands. 


By    Hermann    von    Schroetter,    Dr.    phil.    et. 
med.    ("Vienna). 
Where  there  is   foundation   work  done   un- 


der a  pressure  exceeding  1.5  atmospheres,  a 
recompression  chamber  (recompression  being 
the  specific  remedy)  of  sufficient  size  must  be 
provided  and  oxygen  (in  steel  cylinders)  must 
always  be  kept  at  disposal  to  treat  sick  per- 
sons. 

In  order  not  to  render  the  existence  of  the 
recompression  chamber  illusory,  the  workmen 
ought  to  be  lodged  in  special  barracks  erected 
in  close  proximity  to  the  building  premises. 

Great  care  must  also  be  taken  (especially 
where  the  soil  is  impermeable)  with  regard  to 
the  quality  of  the  air  in  the  working  cham- 
ber, because  impurities  in  the  air — carbonic 
acid  (noxious  gases,  like  sulphureted  hydro- 
gen, carbonic  oxide),  high  temperature,  mois- 
ture— favor  the  appearance  of  pathologic 
symptoms  during  the  period  of  decompression. 
Consequently,  sufficient  ventilation  by  means 
of  cooled  compressed  air  containing  but  little 
moisture  and  supplied  at  the  rate  of  about  50 
cu.  m.  (1,750  cu.  ft.)  per  head  and  hour,  as 
well  as  the  use  of  electric  light  must  be  de- 
manded. 

In  order  to  prevent  physical  fatigue,  which 
also  favors  the  appearance  of  pathologic 
symptoms,  the  duration  of  work  in  compressed 
air  must  be  regulated.  Up  to  a  pressure  of 
two  atmospheres  two  shifts  of  4  hours  each 
are  admissible  in  24  hours,  the  time  required 
for  compression  and  decompression  being  in- 
cluded in  these  periods.  If  the  pressure 
amounts  to  2  to  3.5  atmospheres  the  work 
time,  inclusive  of  time  for  locking  in  and  lock- 
ing out,  must  not  be  longer  than  two  shifts  of 
3  hours  each  per  24  hours.  A  period  of  8 
hours  at  least  must  be  allowed  for  rest  be- 
tween two  shifts.  Where  work  is  done  in 
depths  of  more  than  20  m.  (65  ft.)  lifts  ought 
to  be  used.  The  air  lock  must  be  easily  ac- 
cessible. 

For  the  above  reasons  only  persons  in  a  per- 
fect state  of  health  (of  heart,  vessels  and 
lungs)  must  be  employed  for  work  in  com- 
pressed air ;  fat,  plethoric  individuals  cannot 
be  admitted. 

The  air  space  in  the  air  lock  must  amount 
to  a  minimum  of  0.6  cu.  m.  (210  cu.  ft.)  per 
head.  During  decompression,  constant  ventila- 
tion (simultaneous  entrance  of  fresh  com- 
pressed air)  of  the  air  lock  must  be  provided. 

Depth  of  respiration  and  acceleration  of  the 
blood  circulation  favor  the  liberation  of  the 
body  from  gas. 

The  supply  of  air  must  take  place  at  a  pres- 
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sure  as  constant  as  possible.  Each  air  supply- 
pipe  must  be  provided  with  a  valve  closing 
automatically  when  the  pressure  decreases  in 
the  periphery  for  any  reason  whatever.  Spare 
pumps  must  always  be  kept  in  readiness. 


DEEP  MINE  SHAFTS  AND  THE 
EARTH'S  ROTATION 

If  you  go  to  the  Red  Jacket  shaft  in  [Michi- 
gan, says  Ralph  Pine  in  a  current  magazine, 
whose  identity  has  unfortunately  escaped  us, 
you  find  the  most  powerful  hoisting  machinery 
in  the  world,  huge  engines  of  as  much  as  8,000 
horse-power,  which  reel  and  unreel  drums  of 
wire  cable  that  wind  down  a  straight  mile  be- 
low the  surface.  These  engines  hoist  ten-ton 
cars  of  ore  one  mile  at  the  rate  of  forty  miles 
an  hour,  or  from  the  bottom  to  the  top  of  this 
stupendous  hole  in  the  ground  in  ninety  sec- 
onds. This  is  the  deepest  mining  shaft  in  the 
world.  Apart  from  this  fact,  perhaps  the  most 
interesting  feature  of  the  Red  Jacket  shaft  is 
in  the  theory  that  it  is  possible  to  detect  the 
effect  of  the  earth's  rotation  in  a  hole  as 
deep  as  this.  No  less  an  authority  than  Presi- 
dent McNair,  of  the  Michigan  College  of 
Mines,  has  explained  the  belief  that  nothing 
dropped  in  this  deepest  of  mining  shafts  can 
ever  reach  the  bottom  without  colliding  with 
the  east  side  of  the  shaft. 

"This  is  due  to  the  motion  of  the  earth," 
said  he.  "The  article  dropped,  no  matter 
what  its  shape  or  size  may  be,  will  invariably 
be  found  clinging  to  the  east  side  of  the  shaft. 
One  day  a  monkey-wrench  was  dropped  by  a 
miner,  but  it  failed  to  reach  the  bottom  and 
was  found  lodged  against  the  east  side  of  the 
shaft  several  hundred  feet  down.  We  decided 
that  to  make  a  proper  test  of  the  theory  it 
would  be  worth  while  to  experiment  with  a 
small  heavy  spherical  body.  So  we  suspended 
a  marble  tied  with  a  thread. about  twelve  feet 
below  the  mouth  of  the  shaft.  We  then  burned 
the  thread  with  a  lighted  match  in  order  not 
to  disturb  the  exact  fall  of  the  marble.  About 
500  feet  down  it  brought  up  against  the  east 
side  of  the  shaft.  When  miners  have  fallen 
down  the  shaft  the  result  has  been  similar. 
Their  bodies,  badly  torn,  have  been  found 
lodged  against  the  east  side  of  the  shaft.  A 
carload  of  rock  was  dumped  down  the  deepest 
mining  shaft  in  South  Africa,  but  not  a  parti- 
cle of  it  reached  bottom." 


TO  KEEP  COPPER  BRIGHT 

The  Brewers'  Journal  says  that  the  way  to 
keep  copper  bright  is  by  the  use  of  Zapon  var- 
nish, which  is  a  solution  of  celluloid  having  an 
intense  odor  resembling  that  of  fruit.  The 
copper  surface  must  be  thoroughly  cleaned 
and  all  old  varnish  removed  by  scouring  with 
fine  sand  and  water,  the  final  traces  of  oxide 
film  being  removed  with  a  10  per  cent,  solu- 
tion of  saccharic  acid,  leaving  the  copper 
bright  and  shiny.  Every  trace  of  the  saccharic 
acid  must  then  be  eliminated  by  washing  with 
water,  and  the  surface  afterwards  carefully 
polished  with  Vienna  lime  and  a  little  water. 
Then  the  surface  is  ready  for  varnishing  imme- 
diately to  avoid  renewed  oxidation.  The  Za- 
pon varnish  is  laid  on  with  a  pledget  of  cotton 
batting  by  one  workman,  while  another  spreads 
it  out  evenly  with  another  cotton  batting. pad, 
so  as  to  form  a  very  thin  coat  on  the  surface 
of  the  metal,  thicker  layers  being  liable  to  turn 
yellow  when  heated.  Any  spots  not  covered 
with  varnish  are  exposed  to  oxidation  and  will 
show  very  soon.  Care  must  be  taken  that  the 
metal  be  perfectly  dry  before  applying  the  var- 
nish, even  contact  with  a  moist  hand  being  in- 
jurious, and  the  coated  surfaces  must  be  left 
for  some  time  before  use,  or  the  deposition  of 
moisture  may  cause  stains.  Except  for  parts 
in  contact  with  escaping  steam,  the  varnish 
only  needs  renewing  about  once  a  year,  and  in 
the  interval  no  washing  is  required,  the  surface 
being  merely  wiped  over  with  a  cloth.  The 
hands  of  the  workmen  applying  the  varnish 
can  easily  be  cleaned  with  acetone. 


THE  NEW  HUM  OF  INDUSTRY 

We  speak  of  the  hum  of  industry :  one  has 
never  really  heard  it  until  he  has  stood  in  the 
growing  hull  of  a  600-foot  long  steel  ship 
and  heard  a  hundred  pneumatic  riveters  at 
work.  Sign  language  only  is  used  there.  Com- 
pressed air  is  the  magician.  Even  the  rivet 
boys  are  not  allowed  to  lose  time  pumping 
bellows  at  their  forges ;  a  tiny  stream  of  com- 
pressed air  supplies  them  with  forced  draught. 
If  a  rivet  is  countersunk,  the  rough  surplus 
projecting  is  not  slowly  smoothed  away  by 
man  power  and  hammers  and  chisels ;  a  pneu- 
matic tool  does  it  in  a  few  seconds.  If  an 
emergency  requires  a  rivet  hole  which  has  not 
been  punched,  a  pneumatic  drill  does  the  work 
as  deftly  as  a  cook  trims  a  pie  crust. — Gun- 
ter's  Magazine. 
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A    ROCK    DRILLER'S    RECORD 
CARD 

Engineering-Contracting  has  devised  a  daily 
record  card  for  rock  drillers,  shown  on  this 
page,  which  should  be  welcome  to  both  the 
driller  and  the  contractor  or  other  employer. 
From  the  nature  of  the  rock  driller's  work  it 
is  inconvenient  to  use  a  pencil,  and  such  a 
record  would  often  become  illegible,  so  with 
this  card  only  a  small  conductor's  punch  is 
used.     A  new  card  is  to  be  given  out  to  the 


9:06  and  finished  at  10:02,  and  it  was  11  feet 
deep.  No.  3,  begun  at  10:22,  finished  at  11:14, 
and  11  feet  deep.  The  elapsed  time  between 
the  finishing  of  one  hole  and  the  beginning  of 
the  next  was  of  course  occupied  in  moving 
and  re-setting  the  drill.  By  this  record  the  to- 
tal time  was  234  minutes  and  the  total  depth 
38  feet,  which  made  the  rate  of  drilling  646 
minutes  per  foot.  The  actual  drilling  time 
was  192  minutes  and  the  rate  5.05  minutes 
per  foot. 
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A  Rock  Driller's  Record  Card. 


driller  every  morning  and  each  card  is  marked 
on  the  back  with  the  date  and  the  designating 
number  or  letter  of  the  driller. 

The  upper  half  of  the  record  on  the  face  of 
the  card  has  to  do  entirely  with  the  time  of 
drilling,  and  the  lower  half  with  the  depths 
of  the  holes  as  drilled.  For  the  time  recoid 
the  hours  are  in  the  vertical  column  at  the 
left  and  the  even  minutes  in  the  horizontal 
line  across  the  top.  The  holes  drilled  are  re- 
corded numerically  at  the  left  of  the  lower 
half  of  the  card,  while  the  depths  in  halves  of 
a  foot  are  indicated  at  the  top  of  ths  lower 
half.  The  first  hole  begun  in  the  day  is  No.  ;, 
and  so  on.  If  a  hole  was  begun  the  day  be- 
fore and  finished  in  this  record  a  line  desig- 
nated finish  is  provided  for  this  above  No.  1. 

If  we  go  over  the  actual  record  shown  on 
this  sample  card  everything  will  be  clearly 
understood.  We  see  that  the  drilling  began 
at'  7  o'clock  and  a  hole  was  finished  at  7 :3c 
The  depth  drilled  to  finish  this  hole  was  6 
feet.  Hole  No.  1  was  begun  at  7 152  and  fin- 
ished at  8:46.  this  No.  1  hole  being  10  feet 
deep.     The   drilling   of   No.   2  was   begun   at 


ASSISTING    THE     SOLUTION    OF 
GOLD  IN  THE  CYANIDE  PRO- 
CESS   BY    COMPRESSED 
AIR 

The  following  suggestion  was  offered  by  Mr. 
Andrew  F.  Crosse  at  a  recent  meeting  of  the 
Chemical,  Metallurgical  and  Mining  Society 
of  South  Africa : 

For  many  years  I  have  been  impressed  with 
the  idea  of  using  compressed  air,  produced  by 
a  "trompe,"  for  assisting  in  the  solution  of 
gold  in  the  cyanide  process.  Time  forbids  my 
entering  into  a  description  of  the  trompe,  but 
I  believe  that  a  trompe  was  first  used  in  the 
Pyrenees,  during  the  middle  ages,  for  iron 
smelting.  In  this  district  (Pilgrim's  Rest)  we 
have  abundance  of  water  power,  and  I  erected 
a  small  trompe  on  my  arrival  here  last  Oc- 
tober. 

More  than  half  the  gold  here  is  contained 
in  the  slime,  so  that  a  high  extraction  from 
the  latter  is  absolutely  necessary.  You  are 
probably  acquainted  with  the  Pohle  pump, 
which  is  the  exact  opposite  of  the  trompe,  the 
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latter  being  an  arrangement  by  which  com- 
pressed air  is  formed,  by  being  sucked  down 
by  water  and  delivered  under  pressure,  whilst 
the  Pohle  pump  is  an  arrangement  by  which 
water,  or  any  other  liquid,  can  be  lifted,  under 
given  conditions,  owing  to  the  reduction  of  its 
specific  gravity,  by  the  admixture  of  air.  I 
make  use  of  a  conical  vat,  with  a  vertical  pipe 
in  the  center  of  the  same,  through  which  the 
pulp  in  the  vat  is  lifted  by  compressed  air,  sup- 
plied by  the  trompe,  2  ft.  above  the  surface 
of  the  liquid;  it  falls  over  into  an  outer  tube 
and  is  discharged  through  four  pipes,  having 
their  orifices  tangentically  arranged  so  as  to 
force  the  pulp  into  a  circular  motion.  By  this 
means  I  obtain  full  aeration  and  very  rapid 
circulation.  The  solution  of  the  gold  is  ex- 
tremely rapid,  and  there  is  no  machinery  of 
any  kind,  it  being  absolutely  automatic. 

As  this  method  was  so  very  successful,  I 
applied  the  same  principle,  slightly  modified,  to 
the  sand  treatment.  The  sand  must  be  per- 
fectly clean  and  free  from  slime,  such  as  is 
obtained  from  the  Wilfley  concentrator.  I 
have  arranged  a  vat  from  which  the  solution 
drains  off  into  an  air-lift  pump ;  this  solution 
is  circulated  through  the  sand.  After  a  few 
hours  the  sand  is  full  of  air  bubbles,  and  a 
rapid  circulation  of  the  liquid  is  maintained. 
These  air  bubbles  are  formed  owing  to  the 
cyanide  solution  being  surcharged  with  air, 
and  they  are  deposited  on  the  sand,  in  the  same 
way  that  a  piece  of  bread,  thrown  into  a  glass 
of  champagne,  is  coated  with  carbonic  acid 
bubbles.  I  have  obtained  92  per  cent,  extrac- 
tion of  the  gold  by  this  means  from  6.2  dwt. 
tailings  in  24  hours,  including  washing.  This 
result  is,  I  believe,  a  record. 


FOR  A  COOL  SUPPLY  OF    BRINE 

In  a  valuable  article  in  a  recent  issue  of 
Machinery,  describing  the  manufacture  of 
Swiss  files  in  the  United  States,  an  interesting 
account  is  given  of  the  arrangements  for  main- 
taining a  constant  supply  of  cool  brine,  which 
is  so  important  an  agent  in  the  hardening 
processes  of  the  establishment.  The  apparatus 
is  shown  diagrammatically  in  the  cut. 

The  underground  reservoir  contains  a  sat- 
urated solution  of  salt  and  water.  This  tank 
is  of  wood,  on  which,  of  course,  the  brine  has 
no  injurious  effect.  Located  within  it  is  a 
box  of  sheet  lead,  with  an  inwardly  opening 
valve  of  the  same  material  at  the  bottom,  and 
an  air  supply  pipe  and  an  outlet  pipe,  also  of 


lead,  entering  the  top.  The  latter  of  these  two 
pipes  comes  nearly  to  the  bottom  of  the  box. 
The  operator  at  either  of  the  two  hardening 
furnaces,  by  pulling  a  cord,  can  open  a  three- 
way  valve,  which  admits  air  under  pressure 
at  the  top  of  the  box.  The  box  being  full  of 
brine,  which  has  flowed  in  through  the  check- 
valve  at  the  bottom,  the  air  pressure  closes 
this  valve  and  forces  the  liquid  through  the 
outlet  pipe  into  the  cooling  and  supply  tank 
above.  This  latter  tank  is  high  enough  so 
that  the  brine  flows  from  it  by  gravity  to  the 
bottom  of  the  tanks  at  the  furnaces.  The 
cooled  brine  entering  at  the  bottom  of  these 
tanks  rises  and  displaces  the  warmer  fluid, 
which  runs  through  an  overflow  at  the  top 
back  to  the  reservoir  again.  In  the  cooling 
tank  is  a  coil  of  pipe,  through  which  water 
flows  continuously  from  an  artesian  well  sunk 
on  the  premises.  This  serves  to  keep  the  sup- 
ply of  brine  cooled. 

,  COOLING  WATER  FROM  ARTESIAN  WELL 

.-  INLET  FROM  BRINE  RESERVOIR 

J.-j-^-  ^  BRINE  COOLINGAN0  SUPPLY  TANlC, 

PRESSURE 


Cooling  Brine  for  Steel  Hardening. 


An  interesting  use  of  paper  is  in  the  making 
of  gas  pipes.  Manila  paper  cut  in  strips,  as 
wide  as  the  length  of  the  pipe  to  be  made,  is 
put  into  a  receiver  filled  with  fused  asphalt, 
and  rolled  solidly  and  uniformly  around  a  rod 
or  core  of  iron  until  the  desired  thickness  is 
obtained.  After  the  pipe,  thus  produced,  has 
been  submitted  to  a  heavy  pressure,  the  ex- 
terior is  covered  with  sand,  and  the  whole 
cooled  in  water.  The  core  is  then  removed, 
and  the  outer  surface  covered  with  a  water- 
proof product. 
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THE     COMPRESSED     AIR     FUNC-       feet  in  diameter  and  weighing  together  about 


TION  ON  THE  DIESEL 
ENGINE 

The  accompanying  cuts  give  us  two  sectional 
views  of  a  250-h.p.  Diesel  engine  built  at  Augs- 
burg, Bavaria.     The  cylinders  are  19^4  inches 


22  tons,  the  inequality  of  the  turning  move- 
ment is  said  not  to  exceed  1-140.  The  action 
is  four-cycle,  so  that  the  placing  of  the  two 
cranks  together  on  the  same  side  of  the  shaft 
distributes  the  drive  equally. 


Fig.-  1.     Vertical  Longitudinal  Section  of  Diesel  Engine. 


in  diameter,  the  stroke  is  29  inches  and  at  155 
revolutions  per  minute,  or  750  feet  piston 
speed,  the  nominal  power  is  developed.  The 
trunk  pistons  are  39%  inches  long,  giving  am- 
ple lateral  bearing  for  the  angular  thrust  of 
the  connecting  rod.     With  two  fly-wheels   13 


Considering   either   cylinder   separately,   the 
following  is  the  cycle  of  operations: 

1.  The  piston  moves  downward  and  the  cyl- 
inder is  filled  with  normal  atmospheric  air. 

2.  The    piston    moves    upward,   compressing 
the  air  and  making  it  very  hot. 
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3.  At  the  instant  the  piston  begins  to  go 
down  again  the  charge  of  liquid  fuel  for  the 
stroke  is  injected,  mixing  with  the  heated  air 
and  being  fired,  with  the  result  that  the  pres- 
sure is  greatly  increased  by  the  explosion.  This 
pressure,  gradually  falling  as  expansion  takes 
place,  constitutes  the  driving  force  which  con- 


burned  and  expanded  mixture,  thus  complet- 
ing the  cycle. 

Each  cylinder  has  four  valves;  the  starting 
valve  V,  for  admitting  the  compressed  air; 
the  suction  valve  E,  for  the  atmospheric  air; 
the  fuel  valve  B,  for  admitting  the  liquid  fuel 
into  the  cylinder;  and  the  valve  for  discharg- 


Fig.  2.    Vertical  Transverse  Section  of  Diesel  Engine. 


tinues  throughout  this  downward  stroke.  The 
fuel  is  injected  at  the  beginning  of  this  stroke 
by  means  of  compressed  air,  the  pressure  of 
which  must  naturally  be  higher  than  that  with- 
in the  cylinder,  being  actually  from  750  to 
1,000  pounds. 
4.  The  piston  goes  up  again,  driving  out  the 


ing  the  exhaust  gas.  All  the  valves  are  closed 
by  springs  and  are  opened  by  levers  which  are 
actuated  by  cams  S.  The  cams  are  all  placed 
upon  a  common  horizontal  shaft  H,  which 
turns  at  one-half  the  speed  of  the  crank  shaft 
and  is  driven  from  the  latter  by  helical  gears 
and  a  vertical  intermediate  shaft.     The  levers 


4710 


COMPRESSED    AIR. 


for  the  starting  and  the  fuel  valves,  moved  by 
a  handle  G,  are  so  connected  that  they  cannot 
both  be  opened  at  the  same  time. 

The  operation  of  starting  the  engine  is  quite 
simple.  A  device  is  provided  for  barring  the 
engine  over  by  means  of  teeth  or  notches  in 
the  fly-wheel,  the  pistons  are  thus  brought  to 
the  upper  position  and  the  crank  is'  brought 
a  little  past  the  dead  center.  Compressed  air 
from  the  starting  reservoir,  shown  at  the  lower 
right  hand  corner  in  Fig.  2,  the  air  having  a 
pressure  of,  say,  50  atmospheres,  is  admitted  to 
the  cylinder  by  the  valve  V,  and  the  engine 
starts,  and  after  two  or  three  revolutions  driv- 
en by  the  air  pressure  it  gets  up  to  normal 
speed.  The  handle  G  is  at  once  put  over  to 
the  running  position,  closing  the  starting  valve 
V,  and  opening  the  fuel  valve  B.  Compressed 
air  from  the  air  injecting  "reservoir,  which  is 
separate  from  the  starting  reservoir,  drives  the 
liquid  fuel  into  the  cylinder  and  the  regular 
working  of  the  engine  is  established,  the  air 
injecting  operation  continuing  while  the  engine 
is  running. 

Compressed  air  for  the  starting  and  the  in- 
jecting reservoirs  is  provided  by  two-stage, 
single-acting  compressors  attached  directly  to 
the  engine.  Each  engine  has  two  of  these  com- 
pressors driven  by  links  attached  to  the  con- 
necting rods.  A  pressure  of  60  atmospheres 
is  maintained  constantly  in  the  starting  reser- 
voir, and  as  soon  as  this  pressure  is  reached 
it  is  shut  off  from  the  compressor.  The  air  in- 
jection reservoir  is  in  constant  service  when 
the  engine  is  running,  and  its  pressure  is  main- 
tained by  a  continual  supply  from  the  compres- 
sor. The  liquid  fuel  is  delivered  to  the  injec- 
tion system  by  a  special  pump  P  driven  from 
the  cam-shaft  H.  The  valves  of  this  pump 
are  acted  upon  by  the  governor,  which  there- 
by controls  the  supply  of  fuel  per  stroke  and 
the  power  developed  in  consequence,  the  regu- 
lation by  this  means  being  as  close  as  may  be 
desired. 

The  compressor  here  is  a  part  of  the  engine 
just  as  condenser  and  air  pump  were  formerly 
integral  parts  of  each  condensing  steam  en- 
gine then  built.  As  later  steam  engine  prac- 
tice has  developed  the  separate  and  independ- 
ent condenser  and  air  pump,  so  the  later  and 
larger  Diesel  engines,  .especially  of  American 
build,  are  employing  independent  air  compres- 
sors. The  machine  used  is  a  belt-driven,  three- 
stage  compressor,  which  we  may  illustrate  in 
a  future  issue. 


COMPRESSED  AIR  AND  HEALTH 

OF  DIVERS  AND  CAISSON 

WORKERS 

A  lecture  by  Mr.  Leonard  Hill,  F.  R.  S., 
given  at  the  recent  engineering  exhibition  held 
at  the  exhibition  building  called  Olympia,  Lon- 
don, dealt  exhaustively  with  the  physiological 
effects  of  compressed  air  on  the  human  body. 
The  following  is  an  abstract  of  a  report  in 
The  Engineer,  London : 

In  connection  with  many  important  engi- 
neering works  where  men  have  to  carry  out 
operations  under  compressed  air,  careful  pre- 
cautions are  taken  to  minimize,  as  far  as  pos- 
sible, injury  to  the  health  of  the  workers,  and 
resident  medical  officers  are  employed.  Cais- 
son disease  is  far  more  frequent  in  its  occur- 
rence, and  undoubtedly  a  great  deal  of  it  is 
due  to  the  carelessness  of  workers  and  dis- 
regard of  rules  and  regulations.  In  the  case 
of  helmet  divers  working  at  considerable 
depths,  it  is  unusual  to  find  them  taking  the 
precaution  to  decompress  slowly,  and  most  of 
the  disease  and  ill-health  of  professional  div- 
ers is  due  to  the  too  rapid  decompression  com- 
monly practiced. 

The  theory  of  congestion  of  the  blood  in  the 
deeper  parts  of  the  body  induced  by  variations 
of  atmospheric  pressure,  is  contrary  to  phys- 
ical principles,  and  is  quite  untenable.  Whether 
it  be  air  or  water  that  uniformly  presses  upon 
the  body,  the  tissue  fluids  transmit  the  pres- 
sure equally,  and  no  mechanical  effect  is  pro- 
duced. In  the  modern  diving  dress  the  com- 
pressed air  keeps  the  water  from  entering  at 
the  cuff.  If  the  dress  tears  water  enters  and 
the  body  becomes  wet,  but  the  man  is  in  no 
danger,  for  the  air  keeps  the  water  out  of  the 
helmet.  Quite  recently  the  dress  of  a  diver 
split  at  a  depth  of  over  130  feet,  and  it  be- 
came filled  to  the  level  of  the  helmet.  Even  at 
this  depth,  with  a  pressure  of  more  than  60 
pounds  per  square  inch  on  the  body,  no  ill 
results  were  experienced. 

With  the  exception  of  a  slight  ear  trouble, 
none  of  the  symptoms  of  compressed  air  sick- 
ness occur  while  the  men  are  under  pressure. 
The  ear  trouble  is  due  to  the  inequality  of 
pressure  on  the  two  sides  of  the  ear  drum. 
The  cause  of  compressed  air  sickness  is  that 
the  nitrogen  is  dissolved  by  the  blood  and  the 
body  fluids  and,  and  when  the  body  is  decom- 
pressed the  gas  bubbles  off  in  the  blood.  These 
bubbles   may  block  up   the  capillaries   locally, 
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producing,  according  to  location,  deafness, 
vertigo,  spinal  paralysis,  etc.  The  illness  is 
prevented  by  making  the  rate  of  decompres- 
sion sufficiently  slow,  that  is,  by  allowing  time 
for  the  dissolved  nitrogen  to  escape  from  the 
lungs.  Lard  will  dissolve  four  times  as  much 
nitrogen  as  water,  which  seems  to  suggest  a 
point  in  favor  of  the  employment  of  lean  men 
as  divers. 

The  lecturer,  Mr.  Hill,  and  Mr.  M.  Green- 
wood have  had  a  number  of  interesting  per- 
sonal experiences  under  high  pressures.  In  a 
special  steel  tank  Mr.  Greenwood  was  sub- 
jected to  a  pressure  of  92  pounds,  equivalent 
to  a  water  pressure  of  210  feet.  The  time  of 
compression  was  54  minutes,  and  of  decom- 
pression, 137  minutes,  the  subject  experienc- 
ing no  inconvenience  beyond  a  little  tempo- 
rary pain  in  the  arms. 

The  precautions  to  be  observed  a're,  first, 
that  at  least  twenty  minutes  shall  be  allowed 
for  decompression  for  each  atmosphere  of 
pressure,  a  uniform  rate  of  pressure  reduction 
being  maintained ;  and,  secondly,  that  the  cap- 
illary circulation  in  every  part  of  the  body 
be  maintained  by  muscular  action  during  the 
decompression.  A  record  dive  was  once  made 
of  204  feet  (88*4  pounds),  but  the  diver  died 
on  reaching  the  surface.  Probably  the  great- 
est depth  an  English  diver  has  gone  and  sur- 
vived is   189  feet. 

The  young  man  who  is  in  perfect  health, 
with  powerful  heart  and  deep  respiration,  can 
expel  the  dissolved  nitrogen  from  his  lungs 
far  more  rapidly  than  the  old,  the  intemperate, 
or  one  who  is  over- fatigued  by  excessive  labor ; 
and  the  fat  man  probably  takes  up  a  far  larger 
volume  of  nitrogen  than  the  thin  man.  The 
records  of  caisson  works  seem  to  show  that 
men  under  twenty  to  twenty-five  years  of  age 
escape ;  that  long  shifts  increase  the  number 
of  cases ;  that  men  who  work  the  air  locks, 
passing  material  through,  and  undergoing  fre- 
quent and  short-lasting  compression  and  de- 
compression, are  not  affected.  The  longer  the 
shift  the  more  complete  the  saturation  of  the 
body ;  the  higher  the  pressure  the  greater  the 
risks  and  the  graver  the  symptoms.  The  rec- 
ords show  that  practically  no  cases  occur  with 
a  pressure  below  iT/2  atmospheres,  even  though 
the  decompression  period  be  made  only  a  min- 
ute or  two. 

Records  seem  to  show  that  bad  ventilation 
of  pressure  spaces  increases  the  cases  of  ill- 
ness.    The    medical    officer    at    the    Blackwell 


Tunnel  Works  held  that  it  is  necessary  to  keep 
the  carbon-dioxide  in  the  air  under  0.1  per 
cent.,  and  this  is  actually  being  done  now  at 
the  Rotherhithe  tunnel  works  at  great  expense, 
by  the  supply  of  an  exceptionally  large  volume 
of  air  to  the  tunnel  face. 

We  must  apparently  look  to  other  accom- 
paniments of  bad  ventilation  to  discover  the 
sources  of  the  ill  effects  which  result  from 
that  condition.  Mr.  Hill  suggests  the  pres- 
ence of  carbon-monoxide  (CO)  as  a  likely 
cause,  and  adduces  reasons  for  his  opinion. 
CO  is  produced  in  considerable  quantities  in 
caisson  and  tunnel  works  where  flare  lights, 
furnaces  and  blasting  charges  are  used,  or 
where  low-flash  oils  are  employed  to  lubricate 
the  compressors.  It  is  a  fact  that  the  men 
who  worked  in  the  diving  bells  at  the  Dover 
harbor  works  were  free  from  illness  in  con- 
trast with  caisson  workers  at  the  same  pres- 
sure. The  sickness  among  workers  in  the 
Xew  York  subaqueous  tunnels  is  considerable, 
and  in  the  Hudson  tunnel  works  eight  men 
died  in  six  months  last  year.  Mr.  Hill  sug- 
gests that  the  freedom  of  the  air  from  CO  is 
possibly  one  of  the  causes  of  the  Dover  im- 
munity. In  connection  with  the  New  York 
tunnel  works  now  in  progress  "medical  locks," 
or  recompression  chambers,  are  used  with  very 
satisfactory  results,  and  many  serious  cases  of 
illness  have  been  beneficially  treated  by  re- 
compression and  subsequent  slow  decompres- 
sion. 


THE  ANTHRACITE  CENTENNIAL 

On  the  night  of  February  11,  1808,  Judge 
Jesse  Fell,  of  Wilkesbarre,  first  demonstrated 
to  his  friends  and  neighbors  that  anthracite 
would  burn.  Pennsylvanians  are  preparing  to 
fittingly  celebrate  the  centennial  of  this  epochal 
event.  The  estimated  output  of  anthracite  in 
Pennsylvania  for  the  year  1907  is  66,500,000 
tons,  exceeding  all  previous  records.  It  is 
peculiarly  gratifying  to  note  that  two  impor- 
tant discoveries  of  this  unique  fuel  have  been 
made  recently.  A  vein  of  as  yet  undetermined 
but  considerable  extent  has  been  discovered 
only  a  mile  north  of  Gettysburg.  It  lies  only 
a  foot  or  two  below  the  surface  and  is  said  to 
be  eight  or  nine  feet  thick.  The  other  dis- 
covery spoken  of  is  in  the  Lehigh  field,  where 
a  seven-foot  vein  of  the  richest  fuel  has  been 
struck. 
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ROCK-DRILL  ECONOMICS 

A  paper  was  read  recently  before  the  Chem- 
ical, Metallurgical  and  Mining  Society  of 
South  Africa  by  Mr.  G.  M.  Weston,  in  which 
he  presented  various  suggestions  on  the  pro- 
motion of  rock-drill  efficiencies.  On  the  ques- 
tion of  air  pressures  he  was  most  emphatic, 
and  he  remarked  that,  under  present  condi- 
tions [speaking,  of  course,  of  South  African 
practice. — Ed.  C.  A.],  nothing  like  reasonable 
efficiency  can  be  expected  from  the  rock  drills. 
He  entered  a  plea  as  follows  for  more  data  re- 
garding the  results  obtained  by  rock  drills : 

•'We  have  thousands  of  horse-power  applied 
to  boring  rock,  and  yet  we  are  working  very 
much  in  the  dark  regarding  the  true  economy 
of  the  process.  For  instance,  we  know  it, can- 
not pay  to  use  a  drill-bit  after  it  has  been 
blunted  to  a  certain  degree;  yet  thousands  are 
used  twice,  and  we  really  know  nothing  of 
the  amount  of  loss  in  boring,  say,  a  foot  with 
blunt  steel  against  a  foot  with  sharp  steel.  In 
mechanical  engineering  the  exact  angle  of  the 
cutting  bit  is  calculated  for  different  work  in 
different  material.  Conditions  are,  of  course, 
different  in  rock  boring;  but  no  experiments 
are  made  to  find  the  best  angle  for  cutting 
edges  of  drill-bits,  and  what  difference  a  cut- 
ting edge  of  90  degrees  makes  to  one  of  60 
degrees  in  hard  and  soft  rock  respectively. 
Taking  into  consideration  the  extra  cost  of 
sharpening,  providing  and  removing  extra 
steel,  time  lost  in  changing  bits,  would  it  not 
pay  to  run  steels  in  big  machines  with  a  dif- 
ference of  12  or  15  inches  instead  of  18  or  24 
inches?  In  boring  average  reef,  what  is  the 
best  ratio  to  start  with  of  foot  pounds  of  aver- 
age per  inch  length  of  cutting  edge  for  the 
blow  given  by  a  rock-drill?  What  is  the  best 
relation  between  mass  and  velocity  for  the 
striking  body?  For  instance,  would  not  a 
2H-inch  machine  drilling  at  80  pounds  pres- 
sure bore  faster,  even  with  the  same  sized  bit, 
than  a  3^4-inch  machine  working  at  60  pounds? 
All  these  and  a  host  of  other  questions  are,  I 
think,  worth  answering.  Some  few  experts 
and  some  manufacturers  may  know  all  about 
them ;  but  I  doubt  if  they  do. 

"How  much  more  must  a  machine  that  costs 
$20  per  month  for  maintenance  bore  than  one 
that  costs  only  $10  per  month?  Obviously 
supposing  that  rock  broken  costs  $1.50  per  ton 
and  that  a  4-foot  hole  will  break  one  ton,  it 
has  only  to  break  seventeen  extra  per  month, 
or  6  inches  per  shift,  to  pay  for  itself." 


A  PECULIAR  MINE  EXPLOSION 

On  Thursday,  September  12,  there  occurred 
at  Mine  No.  10  of  the  Union  Pacific  Coal  Co., 
Rock  Springs,  Wyo.,  an  explosion  of  dust, 
which  in  its  cause  and  effects  is  unique  in  the 
annals  of  coal-mining  accidents.  The  accident 
occurred  at  about  5  o'clock  in  the  afternoon, 
when  the  miners  were  preparing  to  leave  the 
mine.  About  forty  of  the  miners  had  gath- 
ered at  the  foot  of  the  slope  when  a  trip  of 
empties  was  started  from  the  top.  The  coup- 
ling between  two  of  the  cars  had  not  been 
properly  made,  and  when  the  trip  reached  the 
head  of  the  slope  six  of  the  cars  started  down 
the  20  per  cent,  incline  unchecked.  By  the 
time  they  had  reached  the  bottom  they  had 
acquired  a  terrific  speed,  and  collided  with  a 
trip  of  full  cars  waiting  there  to  be  hoisted. 
Fortunately  the  men  had  gotten  out  of  the 
way  of  the  runaway  cars  and  no  one  was  killed 
by  them,  but  the  impact  created  a  cloud  of 
dust,  raised  principally  from  the  floor  of  the 
gangway,  and  this  dust  was  ignited  by  the 
lamps  of  the  miners.  It  appears  that  the  mix- 
ture of  dust  and  air  was  not  of  a  character 
to  produce  a  violent  explosion.  The  results 
seem  to  indicate  that  the  quantity  of  air  was 
below  that  required  to  make  a  highly  explo- 
sive mixture,  and  to  this  must  be  attributed  the 
escape  from  death  of  the  forty  men  injured. 
There  was,  however,  an  instantaneous  com- 
bustion which  produced  sufficient  heat  to  burn 
more  or  less  seriously  every  man  in  the  im- 
mediate vicinity,  but  none  of  them  so  badly 
that  he  was  not  able  to  walk  or  crawl  out  of 
the  manway.  The  force  of  the  explosion  was 
felt  more  seriously  200  or  300  feet  down  the 
gangway,  where  a  miner  standing  at  the  en- 
trance to  the  mine  stable  was  thrown  violently 
down  and  sustained  a  broken  arm  and  other 
injuries.  He  was  the  only  man  who  had  to  be 
taken  from  the  mine.  One  of  the  peculiar  and 
fortunate  effects  of  the  explosion  was  the  par- 
tial wrecking  of  an  overcast  a  short  distance 
east  of  the  slope.  This  resulted  in  a  short- 
circuiting  of  the  air  current,  and  as  the  slope 
and  manway  were  intakes,  large  quantities  of 
fresh  air,  drawn  by  a  powerful  fan  (which 
was  uninjured)  were  supplied  to  the  men  and 
carried  off  the  products  of  combustion,  pre- 
venting any  deaths  from  suffocation.  The  air 
current  was  so  strong  that  the  writer  could 
find  no  ash  or  other  evidence  of  the  combus- 
tion which  had  taken  place. — Mines  and  Min- 
erals. 
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LARGE    INSTALLATIONS    OF 

ELECTRICALLY  DRIVEN 

AIR  COMPRESSORS 

The  following  we  take  from  an  interesting 
article  by  Andrew  Floyd  Bushnell  in  The  En- 
gineering and  Mining  Journal,  November  2: 

An  authoritative  statement  from  the  Amal- 
gamated Copper  Company  shows  that  where 
it  costs  $100  yearly  to  produce  i  h.  p.  by  steam, 
electrical  power  will  cost  only  $50.  [This  elec- 
tric power  coming,  of  course,  from  water 
power. — Ed.  C.  A.]  The  numerous  mines  con- 
trolled by  the  Amalgamated  Company  use  ap- 
proximately 7,000  horse-power  in  compressing 
air.  Not  all  these  mines  have  discontinued  the 
use  of  steam,  but  they  will  in  lime,  and  when 
that  is  done,  the  Amalgamated  Company  will 
save  approximately  $350,000  per  annum. 

There  are  two  Ingersoll-Sergeant  compres- 
sors at  the  Original  mine,  which  also  furnish 
air  for  the  Gagnon  and  West  Stewart  mines. 
Two  500-h.p.  General  Electric  induction  mo- 
tors, 2,000  volts,  are  installed.  The  fly-wheels 
make  87  revolutions  per  minute,  and  the  air 
pressure  varies  from  80  to  90  pounds  per 
square  inch. 

The  largest  air-compressor  plant  in  Butte 
is  at  the  Neversweat  mine.  This  comprises 
five  large  machines.  There  are  two  electrically 
driven  Ingersoll-Sergeant  compressors.  One, 
50/4x3°/4x6o  inches,  and  44  revolutions  per 
minute,  is  driven  by  three  300-h.p.  motors  and 
has  been  running  two  and  a  half  years.  The 
other  electric  compressor  is  30^x60  inches, 
single  stage,  and  is  driven  by  an  800-h.p.  mo- 
tor; it  makes  47  revolutions  per  minute.  This 
machine  has  been  running  five  years.  The 
three  steam-driven  compressors  at  the  Never- 
sweat are  duplex,  single  stage,  30^x6o-inch. 
The  Rarus  has  two  electrical  compressors,  39X 
24x48-inch.  One  compressor  at  the  Corra  is 
of  the  same  capacity  as  those  at  the  Rarus ;  the 
other  is  23^x40j4x48-inch.  They  were  all 
made  by  the  Ingersoll-Sergeant  Company. 

The  most  up-to-date  plant  at  Butte  is  at  the 
Bell  mine,  where  four  large  Ingersoll-Sergeant 
compressors  are  installed.  These  machines  are 
38,r4x24j4x48-in<;h  ar>d  the  fly-wheels  make  60 
revolutions  per  minute.  Except  where  other- 
wise stated  the  compressors  of  the  Amal- 
gamated Copper  Company  are  driven  by  600- 
h.  p.  General  Electric  or  Westinghouse  motors. 

The  Bell  compressor  plant,  complete,  cost 
$250,000.    The  building  is  100x130  feet,  and  the 


foundation  consists  of  20-foot  concrete  walls. 
The  compressors  are  supported  by  massive  ce- 
ment pillars.  The  compressor  plants  of  all 
the  large  Butte  mines  are  so  arranged  that 
should  one  meet  with  an  accident,  the  mine 
affected  can  be  supplied  with  air  from  another 
plant.  The  steam  plants  are  always  kept  in 
running  order  in  case  any  accident  should  be- 
fall the  power  plant. 


LONDON'S   ATMOSPHERIC 
ECLIPSE 

Wednesday,  November  20,  was  a  day  that 
will  be  remembered  in  London  as  one  of  the 
most  detestable  this  city  ever  has  known. 
Practically  the  whole  of  the  day  it  was  dark, 
dismal  night.  There  was  no  dawn  at  the  hour 
when  morning  light  usually  drives  away  the 
night's  gloomy  shades;  the  darkness  actually 
grew  denser  as  the  morning  came.  It  was  not 
fog  that  blackened  the  sky,  although  there 
was  some  of  that  about;  as  one  looked  over- 
head it  seemed  as  though  all  the  smoke  that 
had  poured  out  of  London  chimneys  for  a 
month  had  settled  down  over  the  city  in  a 
thick  black  pall.  It  was  a  solider,  much  more 
substantial  darkness  than  the  sort  one  cuts  up 
into  chunks  with  his  carving  knife;  it  was  of 
a  sort  to  be  blown  to  pieces  with  dynamite. 

Another  peculiarity  of  the  darkness  was  that 
it  stayed  aloft,  and  so  did  not  cause  so  much 
inconvenience  as  a  thick  fog  is  apt  to  cause. 
One  could  see  a  fair  distance  along  the  street, 
just  as  one  can  see  in  the  night-time.  In  fact, 
the  streets  looked  about  as  they  look  at  night, 
when  the  lights  are  aflame  in  the  shop  win- 
dows, the  offices,  and  residences.  Above  it 
was  inky  dark;  on  the  street  level  it  was 
merely  the  normal  night.  At  the  hour  when 
the  sun,  according  to  the  solar  experts  at  Ken- 
sington, was  at  the  meridian,  the  shop-keepers 
of  Piccadilly,  the  Strand,  Regent  street,  and 
all  the  other  business  thoroughfares  had  every 
light  in  their  establishments  burning  at  full 
head.  The  upper  floor  of  the  British  Museum 
had  to  be  closed  because  the  darkness  made 
the  exhibits  on  that  floor  quite  invisible.  At 
various  points  one  could  read  with  difficulty 
electric  light  signs  that  were  fixed  at  heights 
not  above  .fifty  feet.  Other  signs  higher  up 
worked  in  vain,  conveying  no  messages  to  the 
people.  Such  of  the  illuminated  clocks  as  were 
fairly  close  to  the  ground  could  be  consulted 
profitably ;  the  rest  looked  the  debilitated  anae- 
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mic   little  moons,   and   told   the   hours   to  no 
useful  purpose. 

There  were  some  weird  effects  to  be  seen  as 
one  watched  the  black  vapor  from  his  roof  or 
from  a  lofty  window.  I  saw  a  great  volume 
of  smoke  pouring  out  of  a  bakery  chimney 
rise  in  an  almost  straight  line  for  ten  feet  or 
so.  But  when  it  came  in  contact  with  the 
overhanging  pall,  it  flattened  out  into  a  great 
black  disk,  which  presently  was  absorbed  into 
the  pall  and  became  a  part  of  its  Nubian  dark- 
ness. It  was  well  along  in  the  afternoon  be- 
fore the  vapor  began  to  clear  away,  the  atmos- 
phere first  turning  from  black  to  sickly  green, 
and  then  gradually  lightening  until  at  length 
blue  sky  came  into  view,  with  here  and  there 
a  twinkling  star.  Our  real  night  was  gladly 
welcomed  after  the  literally  awful  blackness  of 
our  miscalled  day. — From  wireless  dispatch  to 
New  York  Times. 


LIQUID    AIR    IN    DERMATOLOGY 

In  the  Journal  of  the  American  Medical  As- 
sociation of  August  3rd  Dr.  Henry  H.  White- 
house  gives  his  personal  experiences  in  the  use 
of  liquid  air  in  dermatology.  A  mild  and 
short  exposure  of  the  normal  skin  to  a  spray 
of  liquid  air  produces  blanching,  followed  by 
a  moderate  congestion ;  a  longer  exposure 
freezes  and  anaesthetises  the  part.  In  applica- 
tions by  means  of  a  swab  of  cotton  wool  the 
resulting  inflammatory  swelling  varies  in  de- 
gree according  to  the  amount  of  liquid  air 
used,  the  pressure  applied,  and  the  location  and 
character  of  the  tissues.  The  pain  produced 
is  very  slight  and  rarely  lasts  long.  In  patho- 
logical conditions  liquid  air  relieves  pain  after 
a  few  applications  and  lessens  discharge  and 
odor;  it  diminishes  tendency  to  hemorrhage 
and  encourages  healthy  granulation.  It  pro- 
duces very  little  reactionary  effect  on  scar  tis- 
sue, hence  it  is  of  distinct  diagnostic  value  in 
epithelioma.  Dr.  Whitehouse  points  out  that 
extravagant  claims  were  at  first  made  for  liq- 
uid air  in  the  treatment  of  many  disorders 
which  may  be  more  conveniently  treated  by 
simpler  methods,  including  abscess,  bubo,  boils, 
carbuncles,  ulcers,  and  warts.  It  is  unneces- 
sary, also,  to  resort  to  liquid  air  for  the  pro- 
duction of  local  anaesthesia.  There  are,  how- 
ever, many  disorders  in  which  better  results 
may  be  obtained  with  liquid  air  than  with 
other  remedies,  particularly  in  pigmentary, 
hairy,  and  vascular  nsevi,  angiomata,  lymphan- 


gioma circumscriptum,  lupus  erythematosus, 
lupus  vulgaris,  and  epitheliomata.  Dr.  White- 
house  suggests  that  the  secret  of  success  with 
liquid  air  lies  in  the  technique.  The  cotton 
swab  is  applicable  to  all  conditions  and  with  a 
little  experience  can  be  used  with  great  pre- 
cision. Pine  sticks  of  sufficient  length  to 
reach  the  bottom  of  a  Dewar  bulb,  and  so 
shaped  that  the  liquid  may  be  applied  in  any 
quantity,  are  bound  at  the  end  with  absorbent 
cotton  to  form  a  flat,  round-pointed,  or  paddle- 
shaped  pad.  The  excess  of  liquid  should  be 
shaken  off  and  scabs  should  be  completely  re- 
moved from  all  lesions  to  be  treated,  a  thin 
layer  of  gauze  intervening  between  the  ap- 
plicator and  all  mucous  or  denuded  surfaces, 
otherwise  the  scab  will  freeze  fast.  The  fac- 
tors governing  the  effect  produced  are  the  de- 
gree of  saturation  of  the  swab,  the  accuracy 
of  contact,  the  amount  of  pressure  exerted, 
and  the  duration  of  the  exposure.  The  suc- 
cess of  the  treatment  depends  upon  a  thorough 
appreciation  of  these  factors  coupled  with  cor- 
rect judgment  respecting  the  interval  allowed 
between  exposures. 


CHEAP    WATER    POWER    IN 
SWITZERLAND 

The  following  data  are  given  of  the  cost  of 
developing  a  water  power  at  Vallorbe,  in  Swit- 
zerland. The  height  of  the  fall  is  70  meters 
(229  feet),  and  3,000  horse-power  is  used. 
The  expenditures  were  divided  as  follows : 

Concession  and  land $6,000 

Dam 4,000 

Tunnel,  etc 10,000 

Pipe  line    6,000 

Turbines  and  sluice-gates 22,000 

Buildings    4,000 

Dynamos    60,000 

Sundries     8,000 


$120,000 
Thus  the  cost  per  horse-power  was  $40.  In- 
terest and  depreciation  at  10  per  cent,  make  $4 
per  horse-power  per  annum.  These  results 
are  exceptionally  favorable,  even  for  Switzer- 
land; more  usually  the  cost  of  installation 
would  average  $80  per  horse-power,  and  the 
annual  charges  $8. 
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A  NEW  VOLUME  OF  HOPES 

Compressed  Air,  as  is  most  convenient  and 
proper,  now  and  hereafter,  is  to  begin  and  end 
its  volume  with  the  year.  We  are  hopeful  and 
confident  of  making  the  volume  now  beginning 
the  most  notable  in  the  history  of  this  publi- 
cation. This  does  not  mean  that  it  is  to  be 
cither  the  largest  or  the  best,  because  suc- 
ceeding volumes  should  easily  surpass  it  if  life 
and  growth  continue  and  only  the  latest 
should  be  really  the  best.  We  wish,  however, 
to  make  a  new  departure  and  to  get  on  a  more 
accelerated  gait.  Heretofore  the  opportuni- 
ties of  the  publication  have  not  been  realized 
and  its  possible  scope  is  still  far  from  full  de- 
velopment. Compressed  Air,  the  publication, 
having  to  do  with  compressed  air.  the  physical 
fact,  of  course  has  to  do  also  with  the  com- 
pressing and  manipulation  of  it.  beginning  with 
it  in  its  most  attenuated  condition  and  reach- 
ing up  — or  down,  is  it?  — to  its  liquid  and 
solid  states.  Air,  rather  than  compressed  air, 
so  called,  is  what  we  really  deal  with,  so  that 
we  not  unnaturally  may  claim  as  our  con- 
stituents and  supporters  all  who  have  interests 
in  the  air  itself  or  in  any  of  the  various  ap- 
plications and  employments  of  it.  Having  to 
do  with  the  physical  transformations  of  it,  as 
to  pressure,  temperature  and  volume,  and  with 
all  the  agencies  of  these  transformations  we 
also  are  interested  in  its  properties,  conditions 
and  uses  in  either  state.  The  touch  of  air 
compressed  leads  us  down  into  the  deepest 
mines  to  see  it  ripping  out  Earth's  treasures, 
and  air  uncompressed,  free  air,  the  freest  air, 
is  also  ours  for  aeronautics;  and  now  that,  as 
it  would  seem,  we  are  really  making  some 
actual  successes  in  the  art  of  flight,  who  shall 
have  the  telling  of  it  if  we  may  not?  Also 
it  is  in  our  way  to  know  the  air  still  more  in- 
timately, to  know  about  the  gases  of  which  it 
is  normally  composed  and  of  those  which  may 
abnormally  adulterate  or  vitiate  it.  Practically 
every  article  or  item  in  our  present  issue  is 
true  to  our  general  topic,  each  touching  the 
air  in  some  of  its  relations  and  in  each  of 
which  some  of  us  should  be  interested.  We 
aim  thus  to  promote  the  interests  and  to  stim- 
ulate the  interest  of  all.  In  our  work  we  will 
be  glad  to  have  the  help  and  cooperation  of 
all,  and  there  are  few  whom  we  can  help  who 
cannot  also  help  us.  One  of  the  most  valuable 
features  of  such  a  publication  as  ours  might 
be  and  should  be  in  published  correspondence 
and  discussion.     Kindly  send  us  your  letters 
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of  information,  of  inquiry,  of  correction  or 
suggestion,  of  encouragement  or  reproof.  All 
of  our  material  must  really  come  to  us  from 
outside  sources,  and  the  more  of  it  comes 
from  friends,  or  from  those  most  interested  or 
best  informed,  the  better  for  all  of  us. 


THEORETICAL    AND    PRACTICAL 
MACHINE  TESTS 

The  essential  point  of  difference  in  the  tradi- 
tional and  perpetual  contest  between  the  theo- 
retical and  the  practical,  in  which  the  latter  is 
so  generally  the  winner,  is  apt  to  be  not  that 
the  former  is  wrong  in  any  particular  but  only 
that  its  grasp  is  not  all  comprehensive.  It  does 
not  take  into  account  every  detail  of  function 
which  might  help  to  affect  or  determine  the 
ultimate  result.  This  is  frequently  shown  in 
the  tests  of  engines  and  machines  which  are 
made  by  college  professors  and  those  asso- 
ciated, and  the  reports  of  which  have  been  ap- 
parently the  favorite  filling  for  the  transactions 
of  the  societies,  in  which  are  determined  the 
consumption  of  coal,  of  water,  and  sometimes 
even  of  oil,  with  usually  nothing  beyond  that. 

These  reports  of  fuel  economies  are  innocent 
enough  in  themselves,  but  when  they  become 
the  sole  evidence  relied  upon  in  the  selection  of 
apparatus  for  any  purpose  they  are  misleading 
and  cannot  alone  secure  the  most  efficient  and 
satisfactory  service.  It  happens  that  in  addi- 
tion to  the  consumption  of  fuel  the  consump- 
tion of  engineer  is  often  an  important  and 
many  times  should  be  the  determining  consid- 
eration. One  line  of  machines  may  require 
much  more  of  skill,  of  care  and  watchfulness, 
of  minute  precision  of  adjustment  than  an- 
other, and  these  things  are  costly.  The  con- 
sumption of  time  also  when  delays  occur  from 
wear,  breakage  or  derangement,  and  to  which 
also  one  machine  may  be  vastly  more  liable 
than  another,  may  out-weigh  all  the  possible 
savings  of  coal  ten  times  or  a  hundred  times 
over.  The  cost  of  damaging  or  destructive  ac- 
cidents, the  possibilities  of  which  may  inhere 
in  one  machine  more  than  in  another,  may  in  a 
minute  or  an  hour  wipe  out  a  year's  saving  at 
the  coal  pile.  The  practical  testing  of  a  ma- 
chine, the  testing  by  continuous,  every-day, 
money  earning  work,  cannot  fail  to  take  full 
account  and  impartial  account  of  every  particu- 
lar which  may  assist  in  determining  the  ulti- 
mate economy  of  operation,  and  the  practical 
test,  therefore,  is  the  only  one  finally  accepted. 


There  is  a  certain  air  compressor,  a  pioneer 
in  the  larger,  more  serious  and  responsible 
business  of  air  compression,  which  has  held  its 
own  phenomenally  and  is  still  very  much  in 
evidence.  It  has  been  built  in  greater  numbers, 
has  held  more  responsible  positions,  has  done 
more  work,  has  proved  itself  more  reliable  in 
every-day,  all-the-year-round  service,  as  well 
as  for  all  sorts  of  emergent,  exacting  and  un- 
usual conditions,  than  any  other  in  the  world. 
It  has  been  overcrowded,  abused,  neglected  and 
its  good  name  has  been  attacked  both  openly 
and  covertly,  but  it  has  kept  on  its  way  with 
wonderful  pertinacity.  Its  vitality,  to  those 
who  are  not  familiar  with  the  various  episodes 
of  its  career,  is  perhaps  its  most  wonderful 
characteristic. 

And  yet  the  explanation  is  simple.  The  ma- 
chine is  fairly  efficient  in  every  detail  of  its 
working,  but  above  all  it  is  reliable.  This  re- 
liability is  the  largest  factor  and  the  one  given 
first  consideration  when  ultimate  efficiencies 
are  being  considered.  It  has  stood  the  supreme 
test,  the  practical  test  of  continuous  service 
satisfactorily.  It  has  made  friends  continually 
for  itself  by  its  general  habit  of  meeting  and 
satisfying  all  possible  requirements  in  the  line 
of  its  work. 

We  might  have  what  we  might  call  tests  of 
the  bodily  performance  of  different  animals  as 
compared  with  the  human  machine,  and  ac- 
cording to  the  function  which  was  given  prom- 
inence and  made  the  basis  of  the  individual 
test  a  hundred  different  animals  would  be  sep- 
arately the  victors,  yet  we  find  no  man  on 
earth  who  would  choose  the  body  of  any  ani- 
mal in  preference  to  his  own  for  the  sake  of 
the  single  point  of  excellence.  In  himself  and 
with  his  natural  equipment  he  can  do  more 
things  and  do  them  with  possible  satisfaction 
than  would  be  possible  in  any  other  way. — 
Cassicr's  Magazine. 


COMPRESSED    AIR  LEAKAGE 

At  the  recent  New  York  annual  meeting  of 
the  American  Society  of  Mechanical  Engineers 
a  paper  on  "Power  Service  in  the  Foundry," 
by  Mr.  A.  D.  Williams,  of  Pittsburg,  con- 
tained the  following  paragraph,  the  italics  be- 
ing ours : 

"As  generally  installed,  with  a  central  com- 
pressing plant,  the  use  of  compressed  air  re- 
quires an  expensive  transmission  line  and  in 
addition,  it  is  impossible  to  avoid  leakage  in 
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the  joints.  Compressed  air  leakage  does  not 
show,  and  the  pipe  lines  for  this  purpose,  as 
usually  constructed,  are  designed  to  remain 
tight  only  long  enough  to  pass  the  acceptance 
test.  Leakage  is  a  continual  drain  on  the  sys- 
tem, and  shows  up  in  the  amount  of  coal  con- 
sumed. Except  in  the  large  sizes,  air  com- 
pressors are  steam  eaters  like  steam  pumps ; 
for  this  reason  the  small  electric  driven  air 
compressor  presents  numerous  advantages,  as 
it  consumes  no  power  when  out  of  use,  and, 
if  portable,  avoids  the  long  pipe  line." 

This  made  an  opportunity  for  Mr.  Frank 
Richards,  who  discussed  the  matter  as  fol- 
lows : 

"For  line  piping  for  compressed  air  trans- 
mission precisely  the  same  pipes  and  fittings 
are  used  as  for  steam  or  water,  and  it  is  no 
more  difficult  to  make  joints  tight,  or  to  keep 
them  tight,  for  air  than  for  steam  or  water. 
In  fact,  it  is  much  easier  to  keep  air  pipes 
tight  than  steam  pipes,  as  the  same  heating 
and  cooling,  and  the  accompanying  expansion 
and  contraction  stresses,  do  not  occur. 

"It  might  be  well  for  Mr.  Williams  to  step 
over  to  the  excavation  at  West  Thirty-third 
street  for  the  Pennsylvania  Terminal.  He  will 
find  there  considerable  lengths  of  compressed 
air  pipes  running  all  around  the  excavation, 
with  branches  reaching  in  various  directions 
to  hoists,  pumps  and  rock  drills,  and  if  he  can 
find  any  leaks  there  he  will  do  what  I  have 
not  been  able  to  do. 

"At  the  Phillipsburg  shops  of  the  Ingersoll- 
Rand  Company  all  •  the  power  transmission  is 
by  either  electricity  or  compressed  air.  There 
are  some  miles  of  compressed  air  pipes  and 
various  air  operated  devices  are  employed, 
both  in  the  foundry  and  elsewhere,  and  the 
pressure  left  in  the  pipes  at  night  is  found  in 
them  next  morning. 

"The  quarry  of  the  Cleveland  Stone  Com- 
pany at  North  Amherst,  Ohio,  has  nine  or  ten 
miles  of  compressed  afr  pipes,  all  the  machin- 
ery of  that  extensive  quarry  being  air  driven, 
and  there  the  piping  is  'bottle-tight.'  Air  leaks 
are  not  discoverable  because  they  are  not 
there.  Full  pressure  is  found  in  the  receivers 
after  standing  24  hours. 

"In  the  paragraph  under  consideration  we 
are  further  told  that  'compressed  air  pipe  lines, 
as  usually  constructed,  are  designed  to  remain 
tight  only  long  enough  to  pass  the  acceptance 
test.'  The  compressed  air  business,  just  like 
the    other    established    lines    of    manufacture 


represented  by  hundreds  of  members  of  this 
society,  has  grown  and  has  prospered  not  by 
the  passing  of  acceptance  tests,  but  by  all-the- 
year-round  efficiency  and  reliability  after  ac- 
ceptance. 

"In  this  connection  it  seems  to  be  permissi- 
ble, if  not  imperative,  to  call  attention  to  a 
record  of  compressed  air  practice  which  is 
unique.  For  supplying  the  compressed  air  by 
whose  agency  the  various  tunnel  enterprises  of 
Greater  New  York  have  been  carried  so  nearly 
to  completion,  there  have  been  installed,  all 
of  them  being  still  in  place,  eighty  air  com- 
pressors. The  combined  free  air  capacities 
of  these  compressors  amount  to  190,000  cubic 
feet  per  minute,  which  volume  would  be  rep- 
resented by  a  cube  with  a  side  of  57  feet. 
They  develop  an  aggregate  of  40,000  horse- 
power. 

"These  compressors  as  they  were  erected 
were  almost  immediately  put  to  work  and  if 
there  was  any  acceptance  test  in  any  case  the 
ceremony  was  generally  omitted.  The  com- 
pressors have  worked  constantly,  most  of  them 
day  and  night  and  always  some  on  Sundays, 
at  speeds  never  before  recorded  and  with  the 
responsibilities  of  life  and  death  upon  their 
maintenance  of  the  working  pressures ;  condi- 
tions of  unusual  difficulty  and  many  of  them 
unforseen  and  unprovided  for  have  developed ; 
there  have  been  accidents  and  delays  innum- 
erable in  the  progress  of  the  work;  all  these 
we  have  heard  of,  but  not  one  word  of  any 
shortcomings  of  these  compressors. 

"The  work  of  building  these  tunnels,  as  is 
well  known,  was  done  under  the  direction  and 
approval  of  some  of  the  world's  most  experi- 
enced and  responsible  engineers  and  by  several 
different  contracting  companies  but  every  one 
of  these  eighty  compressors  was  built  by  the 
same  manufacturing  company.  The  accept- 
ance test  may  be  said  to  have  been  in  the  com- 
pletion of  the  entire  task  and  the  triumphal 
accomplishment  of  this  is  in  sight. 

"We  are  told  in  this  same  paragraph  that 
'except  in  the  large  sizes,  air  compressors  are 
steam  eaters  like  steam  pumps.'  The  steam 
driven  air  compressor  of  any  size  is  normally 
a  stationary  steam  engine  with  its  power  ap- 
plied directly  to  the  work  of  compression  and 
for  steam  consumption  and  power  develop- 
ment it  is  always  comparable  upon  equal  terms 
with  the  ordinary  stationary  engine  of  the  same 
type.  Tt  may  have  a  plain  slide  valve  with 
suitable  lap,  it  may  have  an  adjustable  cut-off 
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or  it  may  be  a  completely  automatic  engine 
with  Corliss  or  equivalent  valve  gear,  and  we 
may  in  every  case  expect  the  same  economy 
in  the  compressor  as  in  the  stationary  engine. 
The  ordinary  steam  pump  of  any  size  has 
clearances  large  and  uncertain;  but  certainly 
large,  it  uses  the  steam  entirely  without  ex- 
pansion, so  that  the  pressure  at  the  end  of  the 
stroke  is  as  high  as  the  highest;  its  piston 
speed  is  slow.  It  is  comparable  only  with  it- 
self." 


MAGNETIC  HOISTS 

It  looks  as  if  the  air  hoists  long  used  so 
successfully  in  American  machine  shops  will 
be  rivalled  by  hoisting  magnets  which  are  com- 
ing into  great  favor  in  British  iron  works. 
Castings  weighing  two  or  three  tons  are  lifted 
by  electro-magnets.  Much  time  is  saved  in 
comparison  with  the  use  of  hooks,  slings,  and 
other  devices,  as  the  mere  throwing  of  a  switch 
energizes  the  magnet,  and  the  apparatus  is 
able  to  hold  on  without  any  catching  and  se- 
curing devices. — Exchange. 

But,  bless  you,  the  magnet  doesn't  do  the 
hoisting.  It  only  grabs  the  load,  and  it  can 
only  grab  iron  or  steel  at  that,  and  for  that 
it's  very  handy,  but  air  or  other  power  has  to 
do  the  hoisting,  the  same  as  always. 


THE   ACTUAL  CAISSON    DISEASE 

FATALITIES  IN  THE  HUDSON 

RIVER  TUNNELS 

We  are  glad  to  print  the  following  letter 
addressed  to  The  Engineer,  London,  concern- 
ing the  mortality  among  the  workers  in  the 
Hudson  River  tunnels  caused  by  working  in 
compressed  air.  It  is  of  course  authoritative 
and  final,  and  it  should  be  gratifying  to  all  to 
know  that  such  care  has  been  taken  of  the  lives 
of  the  men  employed  and  that  the  current 
stories  of  heavy  mortality  prove  to  be  so  ex- 
aggerated and  so  widely  at  variance  with  the 
facts. 

''Sir — I  beg  to  hand  you  herewith  a  letter 
from  our  chief  medical  officer  in  charge  of  the 
Hudson  and  Manhattan  tunnels,  as  also  the 
Pennsylvania  tunnels  under  the  North  River, 
with  reference  to  the  statement  as  to  death  due 
to  caisson  disease  in  your  valuable  paper  of 
October  18th,  and  I  shall  be  glad  if  you  are 
able  to  publish  the  facts  as  herein  stated. 

"Since  I  have  taken  charge  of  the  construc- 


tion of  these  various  tunnels,  on  the  initiation 
of  the  work  I  took  particular  care  to  protect 
the  men  in  all  reasonable  ways  possible,  and 
selected  Dr.  Loomis  as  the  best  practical  medi- 
cal man  I  knew  on  this  subject  to  take  charge 
of  the  entire  force.  He  has  under  him  on  this 
work  four  assistants.  I  have  also  given  the 
strictest  instructions  with  relation  to  the  ac- 
ceptance of  men  for  compressed  air  work,  and 
I  am  sure  that  at  least  50  per  cent,  of  the 
labor  offered  has  been  rejected  for  medical  or 
physical  reasons  by  the  examining  medical  of- 
ficers, and  during  their  occupation  medical  su- 
pervision is  very  carefully  carried  out,  as  well 
as  other  means,  in  the  interest  of  preservation 
from  fatalities  and  caisson  disease. 

"Charles  M.  Jacobs,  Chief  Engineer. 

"Hudson  Companies,  New  York, 
"November  8th." 
"To  Mr.  Charles  M.  Jacobs,  Chief  Engineer: 

"Dear  Sir — I  desire  to  call  your  attention  to 
an  article  appearing  in  The  Engineer,  London, 
of  October  18th,  1907,  entitled  'Compressed  Air 
and  Its  Influence  on  Health,'  from  which  the 
following  is  an  extract :  'It  is  a  fact  that  the 
men  who  worked  in  the  diving  bells  at  the 
Dover  Harbor  works  were  free  from  illness  in 
contrast  with  caisson  workers  at  the  same  pres- 
sure. The  sickness  among  workers  in  the  New 
York  subaqueous  tunnels  is  considerable,  and 
in  the  Hudson  tunnel  works  eight  men  died 
in  six  months  last  year.' 

"Since  the  resumption  of  work  on  the  Hud- 
son River  tunnels  in  1902  I  have  been  in 
charge  of  the  medical  department  of  that  work, 
as  well  as  that  of  the  North  River  division  of 
the  Pennsylvania  tunnels,  which  comprises  the 
whole  of  the  subaqueous  tunnels  in  connection 
with  the  North  or  Hudson  River. 

"During  that  time  there  has  been  construct- 
ed in  round  numbers  41.800  linear  feet  of  tun- 
nel under  the  river  itself  or  its  filled-in  banks. 
In  this  work  my  records  show  that  there  have 
been  examined  for  work  in  pressures  varying 
from  15  pounds  to  42  pounds  over  21,000  men. 
Of  that  number  there  were  no  deaths  from 
compressed  air  sickness  in  the  Pennsylvania 
tunnels — 12,000  feet — and  but  two  in  the  Hud- 
son Companies  tunnels. 

"This  is  such  a  flagrant  misstatement  of 
facts  that  I  feel  in  justice  to  the  work  and 
myself,  I  cannot  allow  it  to  pass  without  pro- 
test. 

"I  respectfully  beg  of  you,  as  chief  engineer 
of  all  the  tunnels  building  under  the  Hudson 
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River,  otherwise  known  as  the  North  River, 
to  transmit  the  above  facts  to  the  editor  of 
The  Engineer,  London,  for  his  very  kind  con- 
sideration in  the  matter.    Yours  truly, 

"A.  J.  Loomis,  M.  D., 

"Chief  Medical  Officer." 


QUESTIONS   AND   ANSWERS 

F.  C.  S.,  Toledo. — Q.:  If  150,000  cubic  feet 
of  air  enter  a  downcast  shaft  16  feet  in  diame- 
ter at  a  temperature  of  55  degrees  F.,  what 
must  be  th »  diameter  of  the  upcast  shaft  to 
pass  this  c'\:  at  the  same  velocity  when  the 
temperature  of  the  upcast  is  105  degrees? 

A.:  With  the  pressure  constant,  as  it  may 
be  assumed  to  be  in  this  case,  the  volumes  will 
be  directly  as  the  absolute  temperatures.  These 
temperatures  being  55+461=516  and  105+461 
=566,  and  the  areas  or  capacities  of  the  shafts 
being  directly  as  the  squares  of  their  diame- 
ters we  have  the  following  proportion  : 

516:566:  :i62:28o.8  and  y  280.8=16.75  feet  or 
16  feet  9  inches. 

J.  A.,  Knowles,  Cal. — Q.:  A  two-stage  air 
compressor  with  the  low  pressure  cylinder  i8J4 
inch  diameter  and  the  high  pressure  11%.  inch, 
with  a  common  stroke  of  14  inch,  compresses 
air  to  100  pounds,  gage ;  what  pressure  should 
be  maintained  in  the  receiver  between  the  cyl- 
inders? 

A.:  The  receiver  or  intercooler  pressure, 
and  the  consequent  intake  pressure  of  the  high 
pressure  cylinder,  in  this  case  is  determined  by 
the  relative  capacities  of  the  two  cylinders  and 
remains  constant  whatever  the  terminal  pres- 
sure of  the  high  pressure  cylinder.  Both  cyl- 
inders of  this  compressor  being  of  the  piston 
inlet  type,  as  indicated  by  the  addition  of  the 
J4  inch  to  the  nominal  diameter  of  each  to 
compensate  for  the  displacement  of  the  piston 
inlet  pipe,  the  effective  diameters  may  be  as- 
sumed to  be  18  and  11  inch  respectively.  Then 
the  intake  pressures  (absolute)  of  the  two  cyl- 
inders will  be  inversely  as  the  squares  of  their 
diameters,  always  assuming  that  the  intercooler 
delivers  the  air  to  the  high  pressure  cylinder 
at  the  original  temperature.  Then  we  have : 
ir  :  182  : :  14.7  :  39.36  and  39.36 —  14.7  =  24.66 
gage  pressure  for  the  intake  of  the  high  pres- 
sure cylinder.  It  is  desirable  to  have  the  com- 
pression ratios  in  the  two  cylinders  as  nearly 
alike  as  possible  in  order  to  equitably  divide 
the  work.     In  this  case  the  compression  ratio 


in  the  low  pressure  cylinder  is  14.7  :  39-36  = 
°-3734>  and  in  the  high  pressure  cylinder  it  is 
39.36  :  114.7  =  0.3431,  which  is  as  near  as  could 
well  be  wished.  While  we  are  on  this  com- 
pressor it  may  be  worth  while  to  note  and  com- 
pare the  power  required  for  single-stage  and 
two-stage  compression.  We  assume  a  piston 
speed  of  300  feet  per  minute  in  each  case. 
The  mean  pressure  per  stroke  for  adiabatically 
compressing  from  atmosphere  to  100  pounds 
gage,  14.7  to  1 14.7,  being  41.6  (Richards'  Com- 
pressed Air),  we  have  182  X  .7854  X  4*-6  X3°o 
-=-  33,000  =  106.24  horse-power  for  single-stage 
compression.  For  two-stage  compression,  the 
compression  in  the  low-pressure  cylinder  being 
from  atmosphere  to  24.66  pounds  gage,  say  25 
pounds — it  would  really  be  a  little  more  than 
that  on  account  of  the  friction  in  passing 
through  the  intercooler  and  connecting  pass- 
ages—would be:  18"  X  .7854  X  i/.oi  (m.e.p.) 
X  300  -T-  33,000  =  39.35  horse-power.  Then  for 
the  high-pressure  compression  from  24.66  to 
100  gage  (39.36  to  1 14.7  absolute)  the  mean  ef- 
fective unbalanced  pressure  per  stroke  being 
49.34  the  horse-power  will  be:  112  X -7854  X 
49-34  X  300  -4-  33,ooo  =  42.63,  and  42.63  +39-35 
=  81.98,  say  82,  total  horse-power  for  two- 
stage  compression.  As  we  found  the  horse- 
power required  for  single-stage  compression  to 
be  106.24  the  additional  percentage  of  power 
thus  required  would  be  106.24 -h-  82  =  1.295,  or 
2914  per  cent.  In  practice  probably  a  saving 
of  25  per  cent,  might  be  realized  by  the  two- 
stage  compression.  The  more  important  ad- 
vantage really  in  two-stage  compression  to 
pressures  approximating  100  pounds  is  in  the 
avoidance  of  damaging  and  dangerous  tem- 
peratures. The  theoretical  final  temperature 
attained  in  compressing  by  single  stage  from 
1  atmosphere  to  100  pounds  and  from  initial 
temperature  of  60  degrees  is  485  degrees, 
while  in  two-stage  compression  the  highest 
temperatures  possible  would  be  234  degrees 
in  the  low-pressure  cylinder  and  249  in  the 
high-pressure  cylinder,  these  temperatures  all 
affected  and  held  down  to  some  extent  by  the 
water  jacketing. 

W.  M.  S..  Botson.  Tex.— Q.:  I  find  in  a 
certain  "Pocket  Book"  the  following  exam- 
ple and  solution  : 

Example:  Tn  a  compressed  air  plant  the 
gage  shows  a  pressure  of  80  pounds  per  square 
inch ;  the  area  of  the  piston  is  20  square  inches, 
and  its  stroke  10  inches.  The  pump  makes  100 
strokes  per  minute ;  assuming  that  there  is  no 
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leakage  of  air  past  the  piston,  what  will  be 
the  volume  of  air  discharged  from  pump  into 
the  mine  per  minute? 

Solution:  The  volume  of  air  discharged 
from     the     pump     cylinder     per     minute  = 

20  X  io  X  ioo 

=11.57    cubic     feet     (cylinder 

1728 
pressure).  The  absolute  pressure  on  the  air 
in  the  cylinder  is  80  +  14.7  =  947  pounds. 
The  absolute  pressure  on  the  discharged  air  is 
simply  the  atmospheric  pressure  (i4-7)-  Hence 
we  write  the  proportion  14.7  :  94.7  ::  11. 57  : 
and  working  this  out  we  have  94.7  X  ii-57-r- 
14.7  =  74.54  cubic  feet  per  minute,  nearly. 

Now,  what  I  do  not  understand  is  this :  if 
the  piston  has  an  area  of  20  square  inches  and 
the  stroke  is  10  inches  the  piston  will  displace 
or  compress  200  cubic  inches  per  stroke,  and 
making  100  strokes  per  minute  the  total  amount 
of  free  air  handled  will  be  20.000  cubic  inches, 
or  11.57  cubic  feet.;  how  then  can  there  be 
any  more  air  delivered  into  the  mine  even 
though  the  pressure  be  80  pounds,  and  is  not 
the  quantity  discharged  into  the  mine  11.57 
cubic  feet,  instead  of  74.54  cubic  feet,  and,  if 
not,  why  not? 

A.:  There  seems  to  be  a  little  misunder- 
standing in  this  case.  The  cylinder  spoken  of 
is  not  a  compressor  cylinder,  but  the  cylinder 
of  a  steam  pump  in  which  compressed  air  is 
used  to  drive  the  pump  instead  of  steam.  The 
cylinder  is  filled  at  each  stroke  with  air  at  80 
pounds  pressure,  or  11.57  cubic  feet  at  that 
pressure,  for  the  100  strokes,  and  when  this 
air  is  discharged  into  the  atmospheric  pres- 
sure of  the  mine  the  volume  becomes,  after 
the  temperature  is  equalized,  128,843  cubic 
inches,  or  74.56  cubic  feet.  Of  course  when 
the  usual  clearance  and  other  losses  were  al- 
lowed for  the  volume  would  actually  be  25  to 
50  per  cent,  larger  than  this. 


TRADE  PUBLICATIONS 
Wrought  Iron  Pipe  vs.  Steel  Pipe,  Read- 
ing Iron  Company,  Reading,  Pa. ;  14  pages, 
6x9  inches.  This  is  the  sixth  edition  of  a 
pamphlet  first  printed  in  1906.  It  makes  a 
strong  argument  for  and  cites  numerous  au- 
thorities as  to  the  superior  endurance  and 
longevity  of  wrought  iron  pipe  in  competition 
with  modern  steel  pipe. 

Boiler,   Ship   and   Structural   Rivets,   The 
Champion    Rivet    Co.,    Cleveland,    Ohio ;     78 


pages,  6x9  inches.  Reports  of  elaborate  tests 
are  given  with  various  other  valuable  informa- 
tion concerning  "Victor"  rivets  manufactured 
by  the  above  firm,  and  a  considerable  number 
of  large  and  excellent  half-tones  are  given 
showing  structures  in  widest  variety  in  which 
Victor  rivets  were  used. 

Storage  Batteries  for  Portable  Service, 
The  Westinghouse  Machine  Company,  Pitts- 
burg, Pa. ;  32  pages,  6x9  inches.  This  publi- 
cation is  devoted  to  a  new  line  of  manufac- 
ture of  this  company.  There  is  no  text  to  dis- 
tract or  weary  the  reader.  The  various  types 
of  batteries  with  every  detail  are  shown  by 
excellent  half-tones  and  copious  information 
is   furnished   entirely   in   tabulated   form. 


COMPRESSOR  AND  DRILL  PRAC- 
TICE ON  THE  RAND 

The  following  was  written  by  a  special  cor- 
respondent— name  not  given — to  The  South 
African  Mines.  It  contains  nothing  of  im- 
formation  or  advice  of  any  value  or  perti- 
nence to  American  miners — what  do  we  know 
of  the  low  pressures,  the  leakages,  the  all- 
round  inefficiencies  here  spoken  of? — and  it  is 
only  reproduced  here  as  giving  a  realization 
of  the  loss  in  regions  supposed  to  be  at  least 
in  touch  with  us  and  to  know  not  only  of  our 
means  and  methods  but  also  of  our  rate  of 
working  and  accomplishment.  When  will 
there  be  a  waking  up,  and  who  is  to  do  the 
awakening? 

"A  series  of  tests  recently  made  on  these 
fields  has  demonstrated  beyond  a  doubt  that 
with  compressed  air  at  60  pounds  pressure  at 
the  rock  drill,  a  good  20  per  cent,  more  work 
can  be  done  than  with  only  50  pounds,  and 
that  with  70  pounds  air  pressure  the  work 
done  by  the  rock  drill  is  a  good  40  per  cent, 
greater.  What  would  have  been  done  with 
80  pounds  air  pressure,  such  as  the  American 
and  Australian  miner  is  accustomed  to,  could 
not  be  determined  because  none  of  the  mines 
on  the  Rand  carry  it  underground. 

AIR    LOSSES. 

"The  loss  due  to  leaky  pipes  is  admittedly 
not  inconsiderable.  The  real  air  loss,  how- 
ever, is  not  in  volume,  but  in  pressure,  i.  e., 
friction  due  to  small  pipe  lines  accounts  for 
90  per  cent,  of  the  bad  air  pressures  en- 
countered underground.  For  instance,  there 
is  a  3  pounds  loss  in  pressure  due  to  feeding 
air  to  rock  drills  through  50  feet  of  one-inch 
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air  hose.  Add  50  feet  of  one-inch  air  pipe 
and  the  total  loss  in  pressure  is  7  pounds. 
The  loss  in  the  average  drive  pipe  line  is  rare- 
ly under  10  pounds,  and  frequently  20  pounds. 
Deduct  all  these  friction  losses  from  the  70  to 
75  pounds  pressure  in  the  engine-room,  and  it 
is  not  difficult  to  see  where  the  air,  coal,  and 
money  goes. 

ice  v.  ROCK. 
"The  rock  drill  on  the  Rand  not  only  has 
to  put  up  with  bad  air  pressures,  more  often 
under  50  pounds  than  over,  which  is  often  the 
fault  of  the  mine  management,  but  also  has  to 
contend  with  a  great  deal  of  moisture  in  the 
compressed  air,  due  as  a  rule  to  faulty  con- 
struction of  the  air  compressors  and  failure 
to  provide  an  air  after-cooler,  or  in  lieu  of 
this,  large  enough  air  receiver  capacity  on  the 
surface  and  sufficient  water  traps  underground. 
The  efficient  rock  drill  underground  overcomes 
this  disability,  but  some  makes  of  drills 
labor  under  it  badly,  in  that  their  exhaust 
ports  are  improperly  proportioned  and  the 
machine  designed  to  drill  rock  becomes  a 
most  efficient  ice  machine.  As  the  miner  does 
not  get  credit  for  the  ice  thus  produced  he 
takes  a  most  violent  prejudice  to  such  ma- 
chines, and  quite  rightly,  because  an  ice  ma- 
chine is  no  good  for  drilling  rock. 

UNDERGROUND     SURPRISES. 

"Recently  a  manager  of  one  of  the  groups 
detailed  a  man  to  go  down  the  night  shift 
and  make  a  report  on  the  air  pressures  un- 
derground. Quarter-hour  readings  taken  all 
over  the  mine  during  the  shift  showed  some- 
thing like  40  pounds  air  pressure.  At  an- 
other mine,  of  another  group,  the  consulting 
engineer  admitted  an  underground  air  pres- 
sure of  only  55  pounds,  the  20  pounds  excess 
in  the  engine  room  being  accounted  for  by 
pipe  line  friction.  The  manager  of  a  mine 
belonging  to  a  third  group  discovered  that  by 
substituting  a  2-inch  pipe  line  for  a  i^-inch 
line,  he  secured  15  pounds  higher  pressure  at 
his  drills,  the  machines  then  doing  in  one 
shift  what  had  previously  taken  two  shifts  to 
do.  On  a  mine  belonging  to  a  fourth  group 
the  "air  report"  handed  in  gives  the  air  pres- 
sure at  70  to  80  pounds  in  the  engine  room, 
whereas  an  average  of  65  is  more  correct ; 
underground  it  is  45  to  50. 

DRILL    BITS. 

"The  demand  for  low  costs  has  brought 
about  the  use  of  a  cheaper  steel,  i.  e.,  instead 
of  using  a  sixpenny  a  pound   steel,   the  pre- 


vailing grade  bought  is  sold  for  about  a  third, 
and  in  some  cases,  a  half  less.  This  would 
not  be  so  bad  in  itself  if  proper  care  was 
taken  in  forming  and  tempering  the  bits.  But 
in  too  many  cases  they  are  so  badly  formed 
as  to  "rifle"  or  "fitcher"  in  the  hole,  which 
creates  a  use  for  the  inevitable  10  pound 
sledge  hammer  and  "sprains"  some  of  our  ma- 
chine drill  costs.  In  other  cases,  just  as  fre- 
quently bad  tempering  leaves  the  drill  bit  so 
soft  that  it  is  dull  after  the  first  few  minutes 
work,  and  then  proceeds  to  chew  up  air  at  the 
rate  of  halfpenny  per  minute,  doing  practically 
nothing.  With  the  mines  furnishing  the 
hoped-for  70  to  80  pounds  air  pressure,  and 
the  makers  alive  to  the  fact  that  rock  drills 
and  not  ice  machines  are  wanted  on  these 
fields,  it  will  probably  be  found  desirable  to 
use  a  higher  grade  of  steel  to  bear  the  in- 
creased power  and  do  the  larger  amount  of 
work  expected  therefrom.  Quality,  not  price, 
will  then  be  the  chief  consideration,  especially 
if  we  temper  with  temperatures  instead  of 
colors.  Due  to  poorly  formed  and  badly  tem- 
pered drill  bits,  the  average  mine  on  the  Rand 
is  compressing  at  least  25  per  cent,  more  air 
per  shift  than  necessary.  Carrying  the  argu- 
ment to  its  logical  conclusion,  we  find  that 
cheap  drill  steel  and  poorly  formed  and  badly 
tempered  bits  cost  the  industry  as  a  whole 
something  like  fourpence  per  ton  of  rock 
hoisted  more  for  air  power  alone  than  if  good 
drill  bits  were  used.  Underground  air  pipe 
lines  of  too  small  a  diameter  account  for  our 
wasting  20  per  cent,  of  the  coal  used  to  com- 
press air  for  rock  drill  purposes.  If  this  as- 
sumption is  correct,  it  is  costing  the  industry 
another  fourpence  a  ton  more  for  rock  broken 
by  machine  drills  than  it  should,  due  to  air 
lines  being  too  small. 

LEAKY    PIPES    AND    BAD    AIR    PRESSURES. 

"To  keep  2,200  rock  drills  supplied  with 
compressed  air  costs  about  a  half-million 
sterling,  and  if  only  10  to  15  per  cent,  is  lost 
through  leaky  pipes  the  loss  is  £50,000  to 
£75,000  per  annum,  or  i^d  to  2d  per  ton  of 
rock  broken  by  machines.  With  40  to  55 
pounds  air  pressure  something  like  5,000,000 
holes  are  drilled  here,  with  machines,  per  an- 
num and  cost  about  £1,300,000  for  labor  alone. 
Increasing  the  pressure  at  the  working  faces 
to  70  pounds  would  increase  the  capacity  of 
the  machine  drills  about  40  per  cent,  or  re- 
duce the  cost  per  ton  by  about  cjd.  This  is 
what  is  lost  to-day. 
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IMPROVED  SAND  BLAST  NOZZLE 

We  show  on  this  page  an  improved  sand 
blast  nozzle  made  by  the  Lunkenheimer  Com- 
pany, Cincinnati.  The  most  troublesome  fea- 
ture of  the  sand  blast  apparatus  has  been  the 
rapid  wearing  of  the  outlet  tubes.  This  is  said 
to  be  overcome  in  the  present  device  by  the 
special  hardness  of  the  metal  employed.  At- 
tention  is  called   to   the   internal   shape  of  the 


air  tube  J.  The  shape  here  adopted  is  found 
to  not  only  give  greater  force  to  the  impinging 
particles,  but  the  result  is  accomplished  with 
a  reduced  air  consumption.  The  body  K, 
tail  piece  L  and  union  M  are  made  of  a  hard, 
high-grade  bronze.  The  wearing  parts,  outlet 
tube  H  and  air  tube  J,  can  be  readily  and 
cheaply  renewed. 

To  secure  the  best  results  it  is  recommended 
that  a  pressure  of  from  60  to  100  pounds  be 
carried,  the  tubes  being  adjusted  to  suit  the 
pressure.  The  higher  the  pressure  the  nearer 
they  should  be  brought  together,  and  they  are 
easily  secured  by  the  set-screw  O. 

It  is  claimed  for  the  nozzles  here  shown 
that  from  30  to  50  per  cent,  more  castings  can 
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be  cleaned  by  them  than  by  the  means  usually 
employed.  The  smallest  corner  can  be  easily 
reached,  and  when  the  blast  is  applied  to  brass 
castings  an  effect  is  produced  which  resem- 
bles wire  brushing. 

The  larger  illustration  shows  a  sand  blast 
room  in  which  this  nozzle  is  employed.  Here 
on  the  bench  are  a  lot  of  small  castings  with 
complicated  cores.  The  room  is  partitioned  off 
by  itself.  A  hood  A  is  fixed  above  the  bench 
and  to  the  hood  is  connected  a  suction  pipe 
which  carries  off  the  sand.  Tt  may  be  gath- 
ered in  a  settling  chamber  and  used  over  again. 


A  reservoir  B  for  the  sand  to  be  used  is  sus- 
pended in  a  convenient  position  and  a  hose  C 
leads  to  the  nozzle,  and  the  sand  descends  by 
gravity.  A  hose  F  connects  with  the  air  sup- 
ply and  a  valve  G  turns  it  on  or  off  as  de- 
sired. 


Sandblasting  Small  Castings. 


NOTES 

The  four  deepest  mine  shafts  in  the  world 
are  in  the  Lake  Superior  copper  region  within 
a  mile  of  each  other.  These  are  the  Red 
Jacket  shaft  of  the  Calumet  &  Hecla  Company 
and  shafts  Nos.  3,  4  and  5  of  the  Tamarack 
Company.  The  first  is  vertically  4,920  feet, 
and  the  Tamarack  No.  5  is  a  vertical  shaft 
5,130  feet  deep. 


The  imperial  statistical  bureau  in  Berlin  has 
just  published  the  result  of  a  census  of  the 
professions,  trades  and  occupations  pursued  in 
the  empire.  The  complete  list  includes  15,016 
items.  Some  of  the  callings  have  tens  of  thou- 
sands of  followers.  In  many  cases  there  are 
only  a  few.  The  list  illustrates  the  German 
love  of  accuracy  and  also  the  capacity  of  the 
language   for  exact  titles.     One  man,  for  in- 
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stance,  is  set  down  as  Forstshutzdienstanwar- 
ter,  which  means  candidate  for  the  forest  pro- 
tection service.  The  climax  of  title  is  reached 
in  the  somewhat  numerous  and  somewhat  hum- 
ble group  who  are  described  as  Eisenbahnbe- 
triebstelegrapheninspektionsassistenten.  These 
are  the  assistant  inspectors  in  the  railway  tele- 
graph service.  One  man  makes  his  living  by 
renting  out  compressed  air. 


also  found  consumptives  improving.     A  num- 
ber of  practical  tests  are  to  be  made. 


Speaking  of  gas  heated  core  ovens  ("gas 
fired  core  stoves")  Mr.  A.  R.  Bellamy,  before 
the  Manchester  Association  of  Engineers, 
spoke  of  a  novel  method  of  determining  when 
the  contents  of  an  oven  were  quite  dry.  The 
difference  of  temperature  between  the  gases 
when  entering  the  oven  and  when  leaving  is 
due  to  the  heat  given  up  to  the  cores  plus  a 
constant  amount  for  radiation,  etc.  When, 
therefore,  the  cores  are  quite  dry  the  differ- 
ence between  the  temperature  of  the  gases  on 
entrance  and  exit  would  decrease  and  finally 
become  constant.  Two  thermometers  would, 
therefore,  enable  the  time  to  be  easily  deter- 
mined when  the  cores  were  all  dry. 


A  new  and  very  successful  method  to  pre- 
vent infiltration  of  water  in  walls  and  the 
soil  is  described  by  "Elettricita"  of  November 
I.  Compressed  air  is  conveyed  into  a  vessel 
furnished  with  a  mixer  containing  lime  or 
cement  well  diluted.  To  inject  the  cement,  a 
flat-nosed  fire-hose  nozzle  is  employed.  The 
nozzle  is  applied  against  the  wall  or  the  earth, 
and  gradually  moved  over  all  parts.  Special 
attention  is  given  to  the  arched  parts  of  vaults 
and  points  of  contact  with  the  soil.  The  ce- 
ment thus  injected  gradually  sets,  forming  a 
single  piece  with  the  main  work,  increasing 
its  strength  and  preventing  all  chance  of  in- 
filtration. 


One  of  the  engineers  of  the  Cleveland  water 
department,  who  assisted  in  the  construction 
of  the  Cleveland  water  tunnel,  believes  that 
he  has  discovered  in  compressed  air  the  cure 
for  consumption.  He  has  arrived  at  this  con- 
clusion after  watching  the  effect  of  compressed 
air  on  men  at  work  under  it.  He  declares 
that  one  consumptive  was  completely  cured 
and  that  many  men  whom  the  engineers  were 
afraid  to  place  under  compressed  air  because 
of  weakness,  thrived  upon  it.  In  the  New 
York   tunnel   he   claims   that   physicians   have 


It  is  said  that  a  bullet  fired  by  a  charge  suf- 
ficient to  give  it  an  initial  velocity  of  1,700 
feet  a  second  in  dry  weather  would  travel  no 
more  than  1,300  feet  through  moist  air. 

This  is  an  irresponsible  paragraph  which 
cannot  possibly  be  true.  The  initial  velocity 
in  either  case  would  be  practically  the  same, 
as  that  would  be  imparted  to  the  bullet  before 
the  resistance  was  begun  to  be  encountered. 
Definitions  would  be  required  as  to  what  was 
dry  air  and  what  moist  air.  Moist  air  would 
be  dry  air  at  a  higher  temperature,  and  vice 
versa. 


The  town  of  Thompson  Falls,  situated  along 
Clark's  Fork  River  and  in  proximity  to  the 
falls  of  the  stream,  is  built  upon  gravel  ground. 
Some  years  ago  one  of  the  early  settlers 
started  the  sinking  of  a  well  on  the  river  bank 
and  was  astonished  to  find  a  cold  wind  of 
some  velocity  coming  up  out  of  the  gravel 
after  the  well-hole  was  down  about  40  feet. 
This  wind,  or  "breath  from  mother  earth," 
was  ice-cold;  he  continued  the  well  to  60  feet 
depth  and  secured  a  large  flow  of  ice-cold, 
clear  water ;  the  cold  air  continued  to  flow  out 
of  the  well,  and  the  well-digger  found  that  he 
could,  by  placing  a  grate  at  the  top  of  the 
well,  utilize  the  cold  air  for  refrigerator  pur- 
poses. Since  that  time  many  other  wells  have 
been  dug  and  all  give  the  same  result.  By 
running  a  pipe  of  about  one  foot  in  diameter 
from  the  side  of  the  wells  to  the  adjoining 
store  and  house  cellars  the  buildings  are  kept 
delightfully  cool  during  the  hottest  weather. 
Perishable  foodstuffs  are  better  preserved  than 
when  placed  in  ice  refrigerators.  In  the  winter 
it  is  necessary  to  batten  the  doors  and  wrap 
the  pipes ;  also,  to  thoroughly  protect  the  wells, 
else  the  water  in  the  bottom  of  the  wells  will 
freeze  into  a  solid  block  of  ice  as  a  result  of 
the  cold  air. — Mining  Reporter. 


The  annual  report  of  the  British  Weights 
and  Measures  Association  records  steady  pro- 
gress in  the  task  of  defending  British  weights 
and  measures  against  the  attacks  of  the  advo- 
cates of  the  metric  system.  The  association 
is   supported  by   representatives   of  all  indus- 
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At  the  end  of  1904  ten  tons  of  diamonds, 
valued  at  $300,000,000,  had  been  taken  out  of 
the  Kimberley  mines.  It  is  difficult  to  imagine 
what  has  become  of  them  all,  and,  since  they 
are  durable  and  permanent,  how  the  demand 
for  them  keeps  up.  Twelve  years  ago  about 
twenty  million  dollars  a  year  was  spent  for 
diamonds,  and  now  the  expenditure  is  larger. 


It  is  less  than  a  decade  since  the  first  steam 
turbine  was  sold  in  the  American  market,  but 
there  are  to-day  about  700  in  use  throughout 
the  country,  aggregating  a  total  capacity  of 
approximately  1,000,000  kilowats  or  about  1,- 
500,000  horse-power.  An  interesting  test  was 
conducted  recently  by  the  engineers  of  the 
New  York  Edison  Company  at  the  Waterside 
station  near  Thirtieth  street.  The  unit  under 
test  was  a  Westinghouse  turbine  of  10,000 
horse-power.  It  had  been  sold  under  a  steam 
consumption  guarantee  of  15.9  pounds  of 
steam  per  kilowatt  hour,  but  the  test  recorded 
the  phenomenally  low  steam  consumption  of 
a  shade  less  than  14.9  pounds  per  kilowatt 
hour,  the  lowest  record  for  steam  consump- 
tion which  has  ever  been  recorded  by  a  sta- 
tionary steam  engine. 


Theoretically,  a  miner  working  under- 
ground requires  only  6\A  cubic  feet  of  fresh 
air  per  minute  for  respiration  and  the  absorp- 
tion of  moisture  and  the  dilution  of  carbonic 
acid  gas.  This  assumes  that  air  after  having 
been  breathed  is  immediately  removed  with- 
out mixing  with  the  surrounding  atmosphere, 
a  condition  impossible  to  fulfill.  Considering 
that  the  permissible  vitiation  of  air  by  carbonic 
acid  is  six  parts  in  10,000,  it  will  be  found 
necessary  to  provide  66  cubic  feet  of  air  per 
minute  to  dilute  and  carry  away  the  0.8  cubic 
feet  of  carbonic  acid  produced  per  hour  by 
one  man.  Considering  the  problem  in  this 
light,  it  is  evident,  that,  although  an  average 
man  at  work  breathes  only  about  750  cubic 
inches  of  air  per  minute,  the  amount  necessary 
to  carry  away  the  gases  given  off  is  the  im- 
portant   consideration. 


The  largest  diamond  so  far  known  was  found 
at  the  Premier  mine,  in  the  Transvaal,  in  Jan- 
uary, 1905.  It  weighs  3024.75  karats  (9582.4 
grains,  very  nearly  one  pound  six  ounces).  It 
is  an  irregular  prolate  spheroid  about  four 
inches  long.  It  is  supposed  to  be  a  fragment 
of  a  much  larger  stone. 
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stamps)  to  the  Commissione  of  Patents, 
Washington,  D.   C. 
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869,893.       HYDRAUXIC    ROCK-DRILL.      Georg    E. 
Gjuke,  Trelleborg,  Sweden. 
In    a    device    of    the    class    described,    a    cylinder,    a 

piston,    a    fluid    pressure    chamber    on    the    axial    line 

and  to  the  rear  of  the  cylinder  in  communication  with 

the   rear   portion   of  the  cylinder,   and   means   actuated 

by    the    piston    for    drawing    atmospheric    air    into    the 

fluid  pressure  chamber  upon  the  working  stroke  of  the 

p:ston   and   compressing   it   therein   upon   the   rearward 

or  back  stroke. 

869,909.  ANEROID  BAROMETER.  Adolph  E. 
Kahn,   New  York,   N.   Y. 

869,925.  PRESSURE-GAGE.  Daniel  M.  Moore, 
Newark,    N.   J. 

869,930.  AUTOMATIC  AIR-BRAKE  APPARATUS 
AND  METHOD.  John  T.  McIntosh  and  James 
S.   Manton,  Chicago,  111. 

869,966.  PROCESS  FOR  COMPRESSING  AND 
PURIFYING  AIR.  Willard  O.  Felt,  New 
\  ork,    N.    Y. 

870,167.  AIR-INSPIRATOR.  John  Heimlich,  Port 
Clinton,  Ohio. 

870,178.  HAMMER-DRILL.  Alfred  E.  Johnson, 
Denver,   Colo. 

870,190.  ACETYLENE-GAS  MACHINE.  Louis  H. 
Miller,  Campbell,  Cal. 

870,325.  PNEUMATIC  RENOVATOR.  Jfhn  S. 
Thurman,   St.   Louis,  Mo. 

870,523.  PNEUMATIC  TOOL.  Owen  W.  Thomas, 
St.   Paul,   Minn. 

NOVEMBER  12. 

870,546.  AIR-DRIER  FOR  DESICCATING  AP- 
PARATUS.    Ernest  W.  Cooke,  New  York,  N.  Y. 

870,630.  MEANS  FOR  CONTROLLING  FLUID- 
PRESSURE.  Frank  E.  Kinsman,  Plainfield, 
N.   J. 

870,651.  FLUID-PRESSURE-OPERATED  TOOL. 
Henry  H.   Vaughan,  Chicago,   111. 

870,659.  VALVE  FOR  PUMPS,  COMPRESSORS, 
AND  THE  LIKE.  Hugo  Ackermann,  Berlin, 
Germanv. 

870,806.  FLUID-PRESSURE  BRAKE.  Walter  V. 
Turner,   Edgewood,   Pa. 

870,891.  AUTOMATIC  GAS-CONTROLLER.  Jo- 
seph  C.   Landes,  Collegeville,   Pa. 

870,981.  VACUUM  CLEANING  SYSTEM.  Frank 
T.  Matchette  and  Richard  Raddatz,  Milwaukee, 
Wis. 

871.079.  MEANS  FOR  INCREASING  THE  AIR- 
BLAST  OF  CONVERTERS  AND  FURNACES. 
Ralph  Baggaley,  Pittsburg,  Pa.,  Charles  M.  Al- 
len, Lo  Lo,  Mont.,  and  Edward  W.  Lindquist, 
Chicago,  111. 

871,086.     ENGINE.     William  O.   Duntley,   Chicago, 

111.,   and  George   H.   Hayes,    Philadelphia,    Pa. 

NOVEMBER   19. 

871,164.  AIR-SHIP.  Amos  C.  Ellsworth,  New- 
port, Vt. 

871,186.  PNEUMATIC  EOUALIZER  FOR  VE- 
HICLES.    Chaim    Rosen zweig.   New  York,   N.   Y. 

871.194.  HUMIDITY-REDUCING  APPARATUS. 
Richard  H.   Thomas,    Chicago,   111. 

871,209.  JET  BLOWING  APPARATUS.  Alrfed 
Cotton,   Newark.   N.   J. 

871,277.  PRESSURE-R"EDUCING  VALVE.  An- 
drew  T.    Tohnson,   TonoDah,    Nev. 

871.292.  TURBINE  COMPRESSOR,  PUMP,  AND 
THE  LIKE.  Charles  A.  Parsons  and  Alfred 
Q.    Carnegie,    Newcastle-upon-Tvne,    England. 

871.350.  PERCUSSION-DRILL,  &c.  Bradford  H 
Locke,   New  York,   N.  Y. 

871.360.  ELECTRIC  AND  PNEUMATIC  GOVER 
NOR.  William  K.  Rankin  and  Thomas  F 
Kelly,   Philadelphia,  Pa. 

871,391.      PNEUMATIC    GATE.      William    P.    El 

liott   and   William   P.    Elliott,   Jr.,    La   Grange 

111. 

871,508.    GAS-ENGINE.    John  Houlehan  and  Will 

iam  C.  Mayo.   El  Paso,   Tex. 

In    an    internal    combustion    engine    having   a    power 

cylinder     provided     with     an     explosion     chamber    anfl 

means    for   introducing   the   explosive   mixture   and    ex- 
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hausting  the  burned  gases,  a  compressed  air  reser- 
voir, means  for  establishing  and  cutting  off  communi- 
cation between  the  said  reservoir  and  the  explosion 
chamber  of  the  engine,  a  movable  member  forming 
the  rear  wall  of  the  explosion  chamber,  and  means 
for  adjusting  said  movable  member  to  cut  off  com- 
munication between  the  explosion  chamber  and  the 
intake  and  exhaust  means. 
871,594.      ROCK-DRILL.      Edward   N.  Jones,    Victor, 


[,594- 
Colo. 


871,626.  TURBINE  AIR-COMPRESSOR.  Enos  C. 
Pollard,  Seattle,  Wash. 

871,656.  HYDROCARBON-BURNER  FOR  FUR- 
NACES.    Burt  L.  Worthern,  Tucson,  Ariz. 

871,756.  VALVELESS  PNEUMATIC  TOOL.  Fred- 
erick S.   Graham,   Philadelphia,   Pa. 


NOVEMBER  26. 
871,816.     VISE.     John   E.   Osmer,   Chicago,   111. 
871,910.  PNEUMATIC  THREADING  DEVICE  FOR 

SPINNING-MACHINES.        Frank      A.      Breeze, 

Philadelphia,   Pa. 
871,926.        AIR-PROPELLER      FOR      FLYING-MA- 
CHINES.     Louis   Gathmann,    Washington,    D.    C. 
871,93?-    PORTABLE  PNEUMATIC  DRILL.    Henry 

J.  Kim  man,  Cleveland,   Ohio. 
871.973.     MULTIPART   MOLD    FOR    PNEUMATIC 

TIKES.        Friedrich      Veith,      Veithwerk,      near 

Hochst,   Germanv. 
872,026.      DEHYDRATING    APPARATUS.      Frank 

T.   Stare,  Waukesha,  Wis. 
In    a    dehydrating    apparatus,    the    combination    with 
a    chamber    in    which    the    material    to    be    treated    is 
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placed,  a  condenser  and  an  air  drier,  of  means  to 
maintain  a  current  of  air  flowing  through  said  cham- 
ber, condenser  and  drier  and  means  to  reverse  the 
direction  of  the  current  of  air  through  said  chamber. 
872,043.      AIR-PUMP.     John-    C.    Beck  and  John    A. 

Bowyer,    Chicago,    111. 
872,054.      AIR-DRIER.      Ernest    W.    Cooke,    Wauke- 
sha, Wis. 


872,055.       ELASTIC-FLUID     TURBINE.       Gustaf 

Dalen,   Stockholm,  Sweden. 
872,273.       GAS-PRESSURE     REGULATOR.       Ade- 

lard  D.   Brasson,  San  Francisco,   Cal. 
872.288.        LIQUID-FUEL      BURNER.       John      H. 

Koons,  Anderson,  Ind. 
872.314.      PIOC9SS    OF    R9MOVING    PAINT    AND 

VASNISH.     John   M.  Wilson,   Montclair,   N.  J. 


372,026 
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THE  LARGEST   PLANER 

The  largest  and  heaviest  metal  working 
planer  ever  built,  recently  completed  at  the 
Philadelphia  Bement-Miles  works  of  the  Niles- 
Bement-Pond  Company,  for  Mackintosh- 
Hemphill   Company   of   Pittsburg,   is   not  only 


lar  longitudinal  planing  but  also  cross  and 
vertical  planing  or  slotting.  That  it  should  be 
presumably  profitable  both  to  build  and  to  pur- 
chase and  use  such  a  machine  as  this  is  a 
striking  evidence  of  the  growth  of  the  busi- 
ness of  machine  and  engine  construction,  not 


Fig.  1.     Front  of  Planer. 


of  interest  as  a  whole  to  all  who  have  to  do 
with  machine  construction  and  operation  but 
possesses  special  features  for  the  considera- 
tion of  the  readers  of  Compressed  Air. 

This  is  a  special  machine  not  only  as  to 
size  but  in  many  of  its  details.  It  is,  in  fact, 
a  combination  machine,  doing  not  only  regu- 


only  as  to  the  size  of  the  units  produced  but 
also  as  to  the  number  of  them  to  give  suffi- 
cient employment  to  such  a  machine.  It  is  to 
be  used  for  machining  heavy  engine  beds,  roll- 
ing mill  forms,  etc.,  the  first  job  which  came 
to  it  being  a  bed  weighing  94  tons. 
The   total   weight   of   this  planer  is  845,000 
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pounds,  or  422  tons,  and  it  requires  a  total 
of  207  horse-power  in  the  motors  for  the  main 
drive  and  the  several  operating  or  auxiliary 
movements  to  be  provided  for.  The  distance 
between  the  uprights  is  14  feet  4  inches,  and 
from  the  top  of  the  platen  to  the  under  side  of 
the  cross  rail  is  12  feet  2  inches.  The  longi- 
tudinal travel  is  30  feet.  The  motor  for  the 
main  drive  is  100  horse-power,  this  power  being 
transmitted  by  gearing  to  reversing  pneuma- 
tic clutches  of  the  well  known  Niles-Bement- 
Pond  type.  These  clutches  are  usually  oper- 
ated from  a  shop  air  supply  but  in  this  in 
stance  a  compressor  with  a  30  horse-power 
motor  is  a  part  of  the  machine.  A  small  valve 
easily  operated  controls  the  starting,  stopping 
and  reversing.  Tripping  this  valve  by  the  fa- 
miliar table  dogs  gives  the  automatic  reverse 
to  the  reciprocating  movement. 

The  pneumatic  feed,  which  is  a  novel  feature 
of  this  machine,  calls  for  special  mention. 
This  feed  has  fewer  parts  and  greater  strength 
than  the  usual  mechanical  feed.  The  applica- 
tion of  this  feed  to  the  crosshead  may  be' clear- 
ly seen  in  Fig.  2.     On  the  side  of  the  upright 


just  above  the  gearing  is  a  horizontal  cylinder 
with  piston  rod  extending  to  the  left.  This 
roil  slides  a  rack  which  meshes  with  a  gear 
near  the  bottom  of  the  vertical  feed  shaft. 
This  feed  shaft  has  on  its  lower  end  a  bevel 
gear  meshing  with  a  bevel  gear  on  a  cross 
horizontal  shaft  which  transmits  motion  to  a 
vertical  feed  shaft  on  the  other  side  of  the 
machine.  The  movement  of  these  feed  shafts 
is  constant  under  all  conditions,  and  variation 
in  the  amount  and  direction  of  the  head  feeds 
is  obtained  by  adjusting  the  connecting  rods  in 
the  slotted  cranks  on  the  ends  of  the  cross 
slide.  The  feed  cranks  are  so  graduated  that 
very  precise  movements  of  both  the  vertical 
and  the  cross  feeds  arc  produced  and  com 
binations  of  these  thus  give  angular  feeds,  the 
heads  not  being  made  to  swivel.  The  valve 
for  controlling  the  air  operating  the  feed  cyl- 
inder is  moved  automatically  at  each  end  of 
the  stroke,  this  movement  being  taken  from 
either  the.  main  driving  gear  train  to  the 
platen,  or  the  slotter  gearing  when  slotting. 
To  disengage  the  feed  it  is  simply  necessary  to 
close  a  valve  and  shut  off  the  air. 


Fig.  2.     Pneumatic  Feeds  of  Planek. 
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The  feed  mechanism  for  the  table  which  is 
required  when  slotting  or  cross-planing  is 
seen  in  Fig.  i  directly  in  front  of  the  base  of 
the  upright.  This  feed  operates  practically 
the  same  as  the  feed  for  the  crosshead,  except 
that  variation  in  the  amount  of  feed  is  ob- 
tained by  an  adjustable  stop  which  limits  the 


ting  and  cross-planing,  and  the  pneumatic 
clutch  and  reversing  mechanism.  Just  above 
the  motor  is  seen  the  reversing  disc  for  both 
slotting  and  cross-planing.  The  dogs  on  the 
periphery  can  be  set  to  give  any  stroke.  Bev- 
els on  the  vertical  square  shaft  above  the 
cross  rail,  not  here  seen,  are  used  for  chang- 


Fig.  3.     Motor  for  Slotting  and  Cross  Planing. 


piston  movement.  This  adjustment  is  made 
by  the  hand  wheel  at  the  right,  the  hand 
wheel  at  the  left  connecting  this  feed  mechan- 
ism to  the  main   driving  works. 

Fig.  3  shows  the  base  of  the  left  hand  up- 
right with  the  50  horse-power  motor  for  slot- 


ing  the  drive  from  slotting  to  cross-planing. 

The  planer,  as  was  said,  has  its  own 
compressor  driven  by  a  30  horse-power  motor 
and  maintaining  a  constant  pressure  in  a  large 
storage  reservoir,  tlms  making  it  independent 
of  a  shop  supply,  which,  however,  may  be  con- 
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nected  for  emergent  use.  The  table  is  32  feet 
long,  14  feet  wide,  and  slides  on  three  ways 
each  15  inches  wide,  the  center  way  being  an 
obtuse  vee  and  the  outside  ways  flat.  The 
holes  in  the  top  of  the  table  for  stops,  bolts, 
etc.,  extend  entirely  through  the  upper  plate, 
below  which  is  a  second  plate  without  open- 
ings for  catching  the  chips,  which  may  be  raked 
out  through  the  holes  in  the  sides. 

The  bed  is  60  feet  long,  13  feet  wide  and 
the  central  part  is  73  inches  deep.  In  the 
ways  of  the  bed  are  oil  pockets  and  rollers 
for  lubricating  the  table ;  one  pocket  is  cen- 
trally placed  and  all  are  connected  to  main- 
tain a  common  oil  level.  The  central  section 
of  the  bed  is  divided  longitudinally  into  three 
parts  and  the  two  end  sections  each  into  two 
parts.  The  total  weight  of  the  bed  is  about 
275,000  pounds.  The  table  is  divided  longi- 
tudinally in  the  center  and  weighs  140,000 
pounds. 


THE     TUNNEL     AND      RIVER 

SHAFT  OF  THE  DETROIT 

WATER  WORKS* 

By  James  Ritchie. 

Before  making  a  contract  for  this  work  the 
city  of  Detroit  had  built  a  tunnel  from  the 
pumping  station  to  a  point  near  the  bank  of 
the  Detroit  River,  a  distance  of  about  1000 
feet,  and  had  constructed  a  gate  chamber  and 
a  shore  shaft  with  50  feet  of  river  tunnel. 
The  shore  tunnel  was  10  feet  inside  diameter 
and  was  placed  with  its  axis  at  a  distance  of 
26  feet  below  the  surface  of  the  ground.  The 
shore  shaft  had  an  inside  diameter  of  10  feet 
and  a  total  depth  below  the  surface  of  the 
ground  of  78  feet  6l/2  inches.  The  axis  of  the 
river  tunnel  was  at  a  distance  of  69  feet  be- 
low the  surface  of  the  ground,  or  63  feet  be- 
low the  surface  of  the  water  in  the  Detroit 
River.  The  inside  diameter  of  the  river  tun- 
nel was  10  feet,  and  the  tunnel  was  con- 
structed of  four  rings  of  shale  brick  laid  in 
Portland  cement  mortar.  The  diameter  of 
the  excavation  was  13  feet.  After  completing 
the  first  50  feet  of  the  river  tunnel,  the  city 
put  in  a  timber  bulkhead  and  prepared  to  let  a 
contract  for  the  rest  of  the  tunnel,  the  river 
shaft  and  the  intake  crib  and  crib  house. 

The  contract  for  the  river  tunnel  and  shaft 
covered  3,185  feet  of  tunnel  from  the  end  of 


*Read  before  the  Civil  Engineers'  Club  of  Cleveland, 
Slightly  abridged. 


the  50  feet  built  by  the  city  to  a  point  75  feet 
beyond  the  center  of  the  intake  crib,  and  a 
river  shaft  of  10  feet  inside  diameter  placed 
at  the  center  of  the  crib.  The  end  of  the  tun- 
nel was  finished  by  two  bulkheads  25  feet 
apart,  to  permit  of  a  second  crib  and  shaft 
being  constructed  should  it  be  determined  to 
extend  the  tunnel. 

Work  was  commenced  on  the  ground  at  the 
shore  shaft  on  May  1,  1904,  and  consisted  of 
setting  up  the  machinery,  building  engine  and 
boiler  house,  cement  shed  and  offices,  install- 
ing the  elevator  supports  and  preparing  for 
the  work  of  construction  while  awaiting  the 
arrival  of  the  materials.  The  power  plant 
consisted  of  two  boilers,  one  Ingersoll  and  one 
Rand  air  compressor,  each  18  by  24  inches, 
one  electric  generator  and  engine  for  operat- 
ing same,  one  elevator  hoisting  engine,  two 
drainage  pumps  for  removing  water  from  the 
tunnel  and  one  boiler  feed  pump. 

On  June  14,  1904,  we  commenced  laying 
brick,  and  continued  without  using  com- 
pressed air  until  we  had  completed  about  40 
feet,  when  work  was  stopped  in  order  to  in- 
stall the  air  locks.  These  were  two  in  num- 
ber, the  working  lock  being  5  feet  6  inches  in 
diameter  and  22  feet  long,  set  on  the  bottom 
of  the  tunnel  and  enclosed  in  brickwork  and 
cement,  and  the  emergency  lock  above  the 
working  lock,  to  be  used  in  case  of  accident. 
The  emergency  lock  was  at  all  times  open 
to  the  tunnel,  so  that  if  the  working  lock 
were  closed  the  men  could  escape  any  danger 
by  entering  the  upper  lock,  closing  the  door 
and  locking  out  towards  the  shore  shaft.  Un- 
derneath the  working  lock  was  a  6-inch  iron 
pipe  for  blowing  off  the  tunnel,  provided  with 
a  valve  on  the  atmosphere  end,  and  above  the 
lock  was  a  pressure,  regulating  pipe  with  a 
safety  valve  on  the  atmosphere  end,  by  which 
the  tunnel  could  be  ventilated  by  raising 
the  pressure  above  that  at  which  the  safety 
valve  was  set.  Compressed  air  was  fur- 
nished to  the  face  of  the  work  through  a  5- 
inch  pipe,  which  was  carried  along  as  the  work 
progressed,  and  the  end  of  which  was  at  all 
times  within  50  feet  of  the  working  face. 
Water  was  carried  to  the  face  through  a  2- 
inch  pipe  and  kept  close  £nough  to  the  work 
to  supply  the  mortar  boxes  through  25  feet  of 
hose.  Electric  light  wires  and  telephone  wires 
at  all  times  extended  to  the  face  and  main- 
tained light  and  communication.  The  tele- 
phone gave  us  the  most  trouble,  as  the  instru- 
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ments  could  not  stand  the  atmospheric  con- 
ditions for  any  great  time  without  repair,  but 
they  were  well  worth  any  trouble  that  they 
caused  us. 

After  the  air  locks  were  in  position  and 
found  to  stand  the  pressure,  work  was  con- 
tinued excavating  and  bricking-in  without 
serious  delay,  and  the  only  stops  made  were 
on  Sundays  and  holidays.  Each  Sunday  the 
tunnel  was  thoroughly  cleaned  and  ventilated, 
wires  overhauled,  telephone  adjusted  and  other 
necessary  work  on  the  plant  performed,  ready 
for  the  night  shift  to  go  on  at  1 1  o'clock. 
There  were  two  shifts  of  miners,  one  going  on 
at  ii  P.  M.  and  the  second  at  7  A.  M.  The 
bricklayers  went  on  at  3  P.  M.  and  bricked 
up  what  had  been  excavated  by  the  mining 
shifts.  For  about  1,000  feet  after  the  air  locks 
were  placed,  the  pressure  was  8  to  10  pounds ; 
for  the  second  1,000  feet  it  ran  from  10  to  20 
pounds,  and  for  the  rest  of  the  tunnel  from 
20  to  27  pounds.  At  one  point  where  bad 
ground  was  encountered,  the  pressure  for 
about  12  feet  of  working  distance  was  37 
pounds.  The  tunnel  was  completed  as  far  as 
the  location  of  the  river  shaft,  and  the  sump 
under  same  was  then  built,  after  which  the 
remaining  75  feet  of  tunnel  and  the  two  end 
bulkheads  were  constructed.  This  work  was 
completed  on  the  fourth  day  of  April,  1905, 
and  work  was  commenced  on  the  river  shaft 
at  the  crib.  The  entire  time  occupied  in  con- 
structing the  tunnel  was  nine  and  a  half 
months  from  the  first  laying  of  brick,  or  an 
average  of  about  335  feet  per  month;  but  from 
June  14  to  August  1,  1904,  we  only  built  200 
feet,  being  delayed  by  putting  in  the  air  locks 
and  scarcity  of  brick,  the  latter  coming  very 
slowly  at  first.  In  the  month  of  January,  1905, 
we  built  454  feet  4  inches,  during  which  we 
reached  our  maximum  of  one  day's  work, 
namely,  21  feet  2  inches,  on  January  23;  20 
feet  3  inches,  on  January  16 ;  and  an  even  20 
feet  on  January  9.  Our  average  during  the 
month  of  January  was  17  feet  6  inches  per 
day. 

The  mining  shifts  consisted  of  one  fore- 
man, four  miners  and  six  muckers  in  each 
shift,  also  two  drivers  and  one  lock  tender. 
The  first  mining  shift  excavated  the  top  half 
of  the  tunnel  to  such  distance  from  the  end 
of  the  brickwork  as  the  foreman  considered 
could  be  bricked  up  in  eight  hours,  and  then 
took  out  as  much  of  the  bottom  as  they  could 
in  the  remainder  of  their  shift.     Before  com- 


mencing their  excavation  they  had  to  strike 
the  centers  and  put  in  the  floor  and  track 
through  the  section  of  tunnel  completed  by  the 
last  shift  of  bricklayers. 

The  second  mining  shift  completed  the  bot- 
tom and  trimmed  the  circle  and  set  in  place 
the  form  for  the  invert.  The  reason  that  it 
requires  more  time  to  do  the  second  half  is  on 
account  of  the  men  having  to  lift  a  large  part 
of  the  material  from  three  to  five  feet  to 
place  in  the  cars. 

The  bricklaying  shift  consisted  of  four 
bricklayers,  six  to  eight  helpers,  two  drivers 
and  one  lock  tender.  The  number  of  brick 
to  the  foot  being  about  825 ;  our  average  for 
the  month  of  January  of  17^2  feet  meant  the 
laying  of  about  14,440  brick  in  eight  hours,  or 
3,610  brick  by  each  man.  This  means  from  7 
to  8  brick  per  man  per  minute,  and  when  it 
is  remembered  that  the  keying  up  of  the  arch 
can  only  be  done  by  one  man,  and  that  it  ordi- 
narily requires  from  45  minutes  to  one  hour 
to  key  up,  it  will  be  seen  that  in  laying  the 
bottom  a  much  faster  rate  must  be  kept  up. 
Besides  this  the  centers  have  to  be  set,  re- 
quiring from  20  to  30  minutes,  which  again 
operates  as  a  delay.  The  maximum  day's 
work  of  21  feet  2  inches  was  laid  up  by  the 
bricklayers  in  nine  hours,  and  required  17,464 
brick,  or  an  average  per  man  of  4,366. 

The  men  outside  the  air  lock  were  divided 
into  two  shifts  of  twelve  hours.  The  day 
shift  consisted  of  one  engineer,  one  elevator 
man,  one  driver,  and  from  two  to  four  labor- 
ers. The  night  shift  consisted  of  one  en- 
gineer, one  fireman,  one  driver  and  two  lab- 
orers. The  arrangement  was  as  above  until 
we  found  it  necessary  to  make  three  shifts  on 
top,  leaving  only  the  engineer,  fireman  and 
elevator  man  on  twelve-hour  shifts. 

Mules  were  used  for  hauling  the  excavated 
material  out  of  the  tunnel  to  the  air  lock, 
from  which  it  was  taken  on  the  elevator  to 
the  surface  and  again  hauled  by  mules  out  on 
the  dump.  The  month  in  which  we  made  the 
best  record  was  full  of  snow  and  sleet  storms 
which  impeded  us  in  handling  the  material  on 
the  dump,  and  also  in  delivering  materials 
into  the  tunnel.  The  latter  work  was  done 
in  the  same  manner  as  the  removing  of  the 
earth,  namely,  by  means  of  mules.  The  cars 
used  in  hauling  earth  were  so  made  that  the 
sides  and  ends  being  removed  they  were  suit- 
able for  hauling  brick.  Also  there  were  boxes 
provided  in  which  the  cement  and  sand  were 
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mixed  dry  and  thus  sent  into  the  tunnel  on 
the  cars,  the  mortar  being  wet  and  mixed  in 
boxes  at  the  face  of  the  work.  The  mules 
changed  shifts  with  the  men,  and  went  in  and 
came  out  after  a  few  trials  as  easily  as  any 
one.  After  one  mule  was  killed  by  falling 
down  the  shaft,  bars  were  put  up  to  prevent 
such  accidents,  and  the  mules  rode  up  and 
down  like  old  miners.  One  mule  only  was 
obstinate  as  to  going  into  the  tunnel,  and  when 
he  was  once  induced  to  go  in,  the  air  seemed 
to  intoxicate  him,  and  he  ran  down  the  tun- 
nel and  drove  the  men  to  the  furthest  limits, 
winning  in  the  first  round.  This,  together 
with  his  power  of  striking  a  blow  with  his 
feet,  caused  him  to  be  christened  "Terry  Mc- 
Govern,"  and  he  was  used  on  top  in  future 
to  haul  out  on  the  dump.  The  lintels  over 
the  shaft-house  doors  showed  many  marks  of 
his  hoofs,  and  his  drivers  were  kept  busy 
dodging  him. 

The  only  accidents  that  occurred  in  con- 
nection with  the  tunnel  were  two  in  number, 
one  being  when  a  driver  fell  and  had  his  leg 
broken  under  a  car,  and  the  other  when  a 
laborer  on  top  had  two  fingers  crushed  under 
the  side  of  a  car.  Several  men  were  affected 
by  the  bends,  but  none  very  seriously.  The 
company  provided  facilities  for  hot  baths  for 
the  men  at  the  power  house,  also  for  coffee 
without  limit.  Medical  attendance  and  exam- 
ination of  the  air  were  also  provided  for. 
Every  man  who  worked  in  compressed  air  had' 
to  be  examined  before  he  was  employed  to 
see  that  he  was  in  a  suitable  physical  condi- 
tion to  work  in  the  tunnel. 

Preliminary  work  on  the  river  shaft  was 
commenced  on  March  16,  1905,  by  taking  tools 
and  materials  out  to  the  crib,  erecting  derricks 
and  setting  up  engines  and  boilers.  The  shaft 
was  designed  to  be  built  inside  of  a  steel  cyl- 
inder having  a  diameter  of  14  feet  at  the  bot- 
tom, with  a  cutting  edge  extending  3  feet  be- 
low the  curb  which  held  the  brickwork.  This 
cylinder  was  to  be  sunk  to  the  bottom  of  the 
river  through  an  opening  in  the  crib,  and  then 
to  be  sunk  through  about  26  feet  of  earth  to 
the  top  of  the  tunnel.  Guide  timbers  were 
placed  so  as  to  keep  this  cylinder  in  a  vertical 
position,  the  cylinder  was  then  placed  on  a 
raft  inside  the  crib  and  a  watertight  floor  put 
in  under  the  curb. 

The  raft  was  so  constructed  that  it  could 
be  removed  when  the  shaft  had  nearly  reached 
the  bottom  of  the  crib  by  releasing  the  lines 


on  one  end  and  pulling  the  timbers  out  at  the 
other.  To  prevent  accidents,  the  lines  holding 
the  raft  were  attached  to  the  heavy  cross  tim- 
bers of  the  crib  at  the  top  so  as  to  support 
the  shaft  in  case  it  leaked  enough  of  water 
to  overcome  its  buoyancy.  Also  a  pulsometer 
was  placed  inside  and  hung  from  the  derrick, 
steam  for  same  being  furnished  through  a 
pipe  from  the  auxiliary  boiler  with  hose  con- 
nection. The  steel  shaft  was  made  in  sections 
and  riveted  together  on  the  crib  as  the  cylin- 
der was  sunk.  The  brickwork  was  started  on 
the  curb  and  was  successfully  built  up  for  a 
height  of  about  16  feet,  when  the  shaft  was 
found  to  be  so  close  to  the  bottom  that  the 
raft  had  to  be  removed  in  order  to  permit 
the  shaft  to  enter  the  opening  left  for  it  in 
the  bottom  of  the  crib.  With  misplaced  con- 
fidence in  the  pulsometer  and  the  night  watch- 
men, the  shaft  was  left  over  night;  the  pul- 
someter acted  badly,  the  watchmen  thought 
they  knew  how  to  correct  it,  did  not  blow  the 
whistle  for  assistance  as  they  should,  and  neg- 
lected to  use  the  buckets  to  bail  out  the  shaft, 
which  would  have  saved  it,  and  the  shaft  filled 
with  water  and  sank  about  4  feet  into  the 
bottom  of  the  river.  It  was  in  its  proper  loca- 
tion, however,  and  work  was  at  once  com- 
menced to  lower  the  water  around  it  so  that 
the  steel  cylinder  could  be  extended  by  rivet- 
ing on  the  top  section.  Several  attempts  to 
do  this  were  unsuccessful,  and  finally  the  ports 
through  which  water  entered  the  crib  were 
blanketed  and  the  inner  chamber  of  the  crib 
was  pumped  down  low  enough  to  permit  the 
riveting  to  be  done,  after  which  it  was  easy  to 
pump  out  the  shaft.  The  watertight  floor  was 
then  removed  and  the  brickwork  continued 
to  the  top  of  the  lower  cylinder.  As  the  brick- 
work was  built  up,  the  shaft  kept  sinking  into 
the  clay,  which  was  carefully  excavated  so  as 
to  keep  the  shaft  plumb,  and  there  was  so  lit- 
tle resistance  by  friction  that  without  any  ex- 
ternal loading  the  shaft  sank  to  the  top  of 
the  tunnel,  landing  almost  exactly  in  its  proper 
location.  The  above  described  accident  de- 
layed the  work  about  30  days.  The  shaft  was 
completed,  including  the  underpinning,  on 
June  19. 

Meanwhile,  from  April  5  to  May  n  and 
from  June  14  to  July  1,  men  were  at  work 
scraping  and  washing  the  tunnel,  finishing  by 
cleaning  the  shaft.  The  air  locks  were  re- 
moved, buildings  and  plant  were  shipped  away, 
the  surface  of  the  dump  was  graded  and  other 
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necessary  work  was  done.  The  actual  comple- 
tion and  acceptance  of  the  tunnel  and  river 
shaft  covered  by  the  contract  were  made  95 
days  before  the  date  set  in  the  contract. 

A  short  time  before  the  tunnel  was  com- 
pleted a  pipe  was  driven  at  the  edge  of  the 
crib  on  the  engineer's  center  line  to  a  depth 
such  that  it  would  show  in  the  tunnel  when  we 
reached  that  distance,  and  it  was  duly  en- 
countered about  one  foot  to  the  left  of  the 
center  of  the  work.  From  this  point  we  de- 
flected the  tunnel  so  as  to  bring  the  shaft 
connection  in  its  proper  location  under  the 
center  of  the  crib. 

In  the  month  of  December,  1904,  we  had  our 
only  difficulty  in  the  work,  having  encountered 
a  sand  pocket  on  the  night  of  the  16th.  This 
was  the  only  place  in  the  tunnel  where  the 
roof  required  timbering,  and  was  the  cause  of 
the  increase  of  pressure  to  37  pounds  for  three 
days,  after  which  we  returned  to  the  normal 
pressure. 

Previous  to  the  letting  of  the  contract,  the 
engineers  had  taken  borings  for  the  entire 
length  of  the  work,  and  our  findings  corre- 
sponded exactly  with  their  reports,  the  ma- 
terial being  a  stiff  blue  clay  through  the  en- 
tire length  of  the  tunnel,  except  the  sand 
pocket  previously  mentioned.  This  material 
was  of  such  a  character  that  semi-circular 
knives  were  used  to  cut  it  out. 


ACETYLENE  LIGHTING  AND 
STORAGE* 

Much  has  been  written  concerning  the  dan- 
gers of  the  use  of  acetylene,  owing  to  the  fact 
that  it  possesses  the  power  of  combining  with 
metals,  such  as  unalloyed  copper,  to  form  an 
explosive  compound  known  as  acetylide  of 
copper,  and  to  the  fact  that  it  will,  under  a 
pressure  exceeding  two  atmospheres  (gauge), 
separate  into  its  component  parts,  carbon  and 
hydrogen,  such  separation  being  attended  by  a 
great  increase  in  volume,  and,  therefore,  an 
explosion. 

These  statements  are  in  the  main  true,  but 
the  common  acceptance  of  them  exaggerates 
their  importance.  For  instance,  it  is  stated 
that  free  acetylene  under  a  pressure  exceed- 
ing two  atmospheres  may  be  detonated  by  a 
slight  shock  or  jar.  The  practice  on  one  Ca- 
nadian road  with  free  acetylene  stored  in  cyl- 
inders   under   a   pressure   of   ten   atmospheres 

*Abstract  of  a  paper  by  R.  E.  Bruckner  in  Stevens 
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has  been  attended  with  numerous  explosions 
and  quite  a  number  of  deaths.  In  each  of 
these  instances,  however,  we  are  unable  to 
determine  just  how  severe  was  the  shock  the 
cylinder  received  which  caused  the  explosion. 
The  uncertainty  has  led  to  the  exclusion,  by 
the  Canadian  Government,  of  any  acetylene 
system  using  free  compressed  acetylene  gas. 

Assuming  that  the  gas  stored  in  such  re- 
ceivers were  chemically  pure  acetylene,  G>H2, 
there  would  still  be  another  danger  to  be 
avoided.  Should  any  part  of  these  cylinders, 
owing  to  a  wreck  taking  fire,  be  heated  to 
1,200°  F.,  it  would  produce  the  ignition  of  the 
entire  volume  of  gas  within  the  cylinder,  and 
the  consequent  explosion  of  the  latter.  Should 
ignition  occur  within  the  receiver  containing 
free  acetylene  gas,  this  ignition  is  communi- 
cated immediately  to  the  entire  volume  of 
gas,  thereby  causing  an  explosion  of  the  most 
violent  order.  This  ignition  cannot  be  com- 
municated through  very  fine  apertures,  such 
as  burner  orifices,  or  finely  divided  substances, 
such  as  asbestos,  Kieselguhr,  infusorial  earth, 
or  unglazed  brick.  These  substances  possess 
a  porosity  of  80  per  cent.,  and  the  interstices 
are  of  such  minute  calibre  that  the  transmis- 
sion of  flame  through  them  is  impossible. 
Researches  have  led  to  the  use  of  acetone,  a 
combustible  organic  liquid  of  high  solvent 
power,  which  boils  at  133°  F.,  and  at  6o°  pos- 
sesses the  power  of  absorbing  twenty-five 
times  its  own  volume  of  acetylene  gas  per 
atmosphere.  Free  acetylene  gas  possesses 
the  largest  known  range  of  explosibility,  or 
forms  an  explosive  mixture  with  both  the 
minimum  and  maximum  admixture  of  air. 
When  stored  in  acetone  the  gas  carries  with 
it  a  fractional  percentage  of  acetone  vapor. 
This  vapor  reduces  the  upper  explosive  limit 
about  16  per  cent.  Owing  to  the  high  price 
of  asbestos,  a  mixture  of  infusorial  earth, 
charcoal,  oxide  of  zinc,  and  chloride  of  zinc 
is  employed  in  France  and  Englind  as  a  porous 
filling.  This  material  forms  a  paste  which, 
upon  being  dried,  resembles  chalk,  which  pos- 
pesses  a  porosity,  or  cellular  air  space,  of  80 
per  cent.  In  the  United  States  the  cylinders 
are  packed  with  asbestos  discs,  the  structure 
of  which  is  obtained  by  building  up  the  discs 
and  cementing  them  together  with  silicate  of 
soda.  These  discs  have  the  same  porosity  as 
the  French  mixture,  but  possess  the  immense 
advantage  over  the  latter  of  never  breaking 
under  shock  or  vibration. 
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We  thus  have  acetylene  gas  held  in  suspen- 
sion or  solution  in  the  liquid  acetone,  this 
liquid  being  itself  absorbed  by  the  asbestos 
packing,  and  thoroughly  saturating  the  latter. 
In  so  doing,  the  acetone  itself  is  in  very  finely 
divided  particles  and  offers  the  maximum  ab- 
sorption surface  to  the  gas.  The  propagation 
of  a  flame  or  a  shock  through  the  entire  mass 
is  a  physical  impossibility.  Experiments  have 
shown  that  an  electric  spark  may  be  passed 
through  a  charged  cylinder  and  it  will  only 
produce  local  ignition. 

The  ordinary  receiver  used  on  railroads  for 
Pintsch  gas,  and  measuring  20  by  114  inches, 
contains,  at  a  pressure  of  ten  atmospheres,  ap- 
proximately 200  cubic  feet  of  gas.  A  cylin- 
der of  the  same  size  packed  with  asbestos  and 
charged  to  about  40  per  cent,  of  its  volume 
with  acetone,  is  capable  of  containing,  at  ten 
atmospheres,  2,000  cubic  feet  of  acetylene  gas. 
A  lamp  burning  one  and  one-half  cubic  feet  of 
acetylene  gas  is  capable  of  delivering  2.3  times 
as  much  candle-power  as  a  standard  railroad 
lamp  using  any  other  illuminant  and  consum- 
ing from  three  and  three-quarters  to  five  cubic 
feet  of  gas,  which  makes  it  possible  to  store 
in  one  car  at  one  charge  sufficient  gas  to  light 
the  car  two  and  a  half  months. 

A  charging  plant  is  erected  near  the  ter- 
minal or  main  railroad  yard  to  be  equipped. 
This  consists  of  a  generating  apparatus,  gaso- 
meter, or  storage  receiver  for  low-pressure 
gas,  dryers  and  purifiers  through  which  the 
low-pressure  gas  is  passed  to  the  compressor, 
which  compresses  the  gas  to  ten  atmospheres, 
into  a  storage  receiver  consisting  of  a  series 
of  cylinders  filled  as  described  before,  wherein 
from  1 0.000  to  20.000  cubic  feet  of  gas  may 
be  maintained.  The  generation  is  accom- 
plished by  means  of  a  carbide  to  water  gen- 
erator. The  gas  produced  from  carbide  man- 
ufactured in  this  country  shows  98.67  per 
cent,  pure  acetylene  gas,  and  as  only  traces 
of  oxygen,  sulphuretted  hydrogen,  and  phos- 
phoretted  hydrogen  are  obtained,  very  little 
purification   is   necessary. 

The  compression  is  accomplished  by  means 
of  a  three-stage,  water-jacketed  compressor. 
Intermediate  receivers,  water-cooled,  are  pro- 
vided between  the  stages.  The  distribution 
of  the  gas  is  accomplished  by  means  of  pipe 
lines  leading  to  the  various  tracks  and  fitted 
with    suitable   connections. 

Acetylene  is  known  as  a  50-candle-power 
gas,    which    means    that    when    acetylene    is 


burned  in  the  most  advantageous  burner  at  the 
most  advantageous  rate,  it  will  give  approxi- 
mately 50  candle-power  per  cubic  foot  per  hour. 
The  twin  burner,  in  which  two  jets  of  acetylene 
are  caused  to  impinge  at  an  angle  of  450 
against  each  other,  thereby  flattening  out  into 
a  flame  at  right  angles  to  the  plane  of  the  jets 
is  used.  Each  tip  is  so  constructed  that  air 
is  admitted  in  an  annular  ring  around  the  is- 
suing jet  of  gas,  thereby  preventing  contact 
of  the  gas  with  the  wall  of  the  burner.  These 
burners  have  proven  perfectly  successful  and 
have  been  produced  by  various  firms.  Unfor- 
tunately they  do  not  realize  the  high  candle- 
power  obtainable  from  a  fish-tail  burner. 
Their  values  may  be  summarized  as  follows : 

Actual  Candle- 
Gas  Consumption                  Candle-  Power  P.~r 
Per  Hour                         Power  Cubic  Foot 

J4  cubic  foot   6.12  20.36 

y2  cubic   foot    16.01  32.68 

24  cubic  foot    27.74  36.36 

1    cubic  foot   37-28  41.09 

From  the  above  it  will  be  seen  that  the  ef- 
ficiency diminishes  as  the  gas  consumption  is 
decreased,  or  the  smaller  sizes  do  not  give  a 
proportionate  candle-power.  Assuming  the 
actual  average  candle-power  of  a  i-foot  burn- 
er to  be  40  candle-power,  the  relative  efficiency 
of  the  various  sizes  would  be  as  follows : 

Consumption  Relative 

Per  Hour  Efficiency 

1    cubic  foot  100.0 

^4  cubic  foot  92.4 

l/2  cubic  foot  80.0 

y±  cubic  foot  61.2 

In  actual  service  conditions,  two  34-foot 
burners  will  give  a  higher  candle-power  than 
three  y2-ioot  burners  with  the  same  consump- 
tion of  gas. 

The  development  of  this  art  has  been  held 
back  to  a  very  great  extent  by  the  prohibitive 
price  of  carbide  from  which  the  gas  is  made. 
This  product  is  controlled  in  the  United 
States  by  a  single  company.  Its  cost  of  pro- 
duction is  about  $20  per  ton  and  its  selling 
prices  ranges  from  $50,  the  price  at  which 
this  company  sells  in  Europe,  to  $90  to  $100, 
the  price  at  which  it  sells  on  the  Pacific  Coast. 
However,  as  the  time  limit  of  the  patents  is 
nearly  run  out,  the  possibility  of  a  far  cheaper 
illumination  by  means  of  acetylene  gas  may  be 
anticipated    in    the   near  future. 
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COAL  MINE  VACUUM  CLEANING 

The  diffusion  of  coal  dust  in  the  air  has 
been  a  frequent  cause  of  serious  fires  and  ex- 
plosions in  English  coal  mines,  and  various  de- 
vices have  been  employed  to  get  rid  of  it.  It 
having  been  proposed  in  the  progress  of,  par- 
liamentary investigations  to  use  the  vacuum 
cleaning  principle  for  the  purpose,  a  special 
apparatus  has  been  devised  and  successfully 
applied    for    this    purpose.      The    device    here 
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washed,  the  explosion  turned  off  at  an  angle, 
and  followed  along  another  main  intake  air- 
way where  there  was  dust,  stopping  when  the 
fine  dust  was  absent.  The  contention  is  that 
the  light  dust  adhering  to  the  tops,  bottoms 
and  sides  of  the  timbers  and  supports  of  the 
mine,  roof  and  all  cracks  and  interstices, 
which  can  be  approached  within  two  inches, 
or  where  a  yardstick  can  be  inserted,  can  be 
sucked  clean  of  inflammable  dust,  which  may 
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FfiSofe    Vacuum  Cleaning  in  a  Coal  Mine. 


shown  is  used  in  the  Whitwood  collieries, 
Normantown,  England. 

In  this  case  the  main  roadways  of  the  mine 
are  prepared  with  concrete  sides  and  roofs, 
whitewashed  by  a  compressed  air  apparatus 
and  kept  free  from  dust  by  periodically  going 
over  it  with  the  vacuum  cleaner.  It  is  claimed 
that  watering  is  not  only  ineffective  in  clean- 
ing away  the  fine  coal  dust  which  is  the  source 
of  danger,  but  that  after  the  water  has  dried 
up,  which  is  inevitable  in  a  warm  mine,  the 
dust  is  more  friable  than  ever.  The  cost  of 
operating  the  vacuum  cleaner  is  said  to  be 
less  than  that  of  watering  the  sides  and  roof, 
and  it  is  at  the  same  time  more  efficient. 

An  explosion  which  occurred  at  Blackwell 
collieries  commenced  at  a  point  in  the  interior 
of  the  mine  on  the  main  roadway  in  the  intake 
air  course,  having  been  initiated  by  a  shot 
which  was  bored  to  blow  out  an  obstruction 
on  the  side  of  the  roadway,  but  the  force  of 
which  was  liberated  by  a  crack  or  joint  of 
the  strata,  and  only  partly  did  its  work.  The 
dust  was  stirred  up  and  ignited,  and  the  blast 
extended  along  the  roadways  so  far  as  the  fine 
dust  extended,  but  on  reaching  the  inset,  the 
walls  of  which  had  been  cleaned  and  white- 


be  removed   from  the  mine  and  conveyed  to 
the  coke  ovens  or  briquette  plant. 

The  apparatus,  driven  by  compressed  air, 
will  run  on  any  ordinary  roadway  in  the  mine, 
and  will  pass  wherever  a  pit  tub  will  travel. 
Four  or  five  nozzles,  connected  with  flexible 
hose  to  the  filters  of  the  cleaner,  will  permit 


Fig.  2.    The  Apparatus. 

of  four  or  five  men  simultaneously  collecting 
the  dust.  The  filters  being  in  duplicate,  one 
may  be  cleaned  and  emptied  while  the  other 
is  in  action. 

Fig.  i  gives  longitudinal  and  cross  sections 
of  the  same  roadway  with  the  plant  at  work, 
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showing  two  operators  cleaning  smooth  pre- 
pared zones.  The  plant  is  equally  suited  for 
removing  the  dust  from  timbering,  walls,  etc., 
of  the  unprepared  roadways.  The  plant,  which 
is  mounted  on  a  carriage  which  travels  on 
the  mine  tramway,  consists  of  a  power-driven 
suction  pump,  connected  to  two  filter  collectors, 
from  which  lead  flexible  hose  pipes.  At  the 
ends  of  these  flexible  pipes  are  attached  suit- 
able cleaning  implements  with  which  the  oper- 


capacity  as  that  illustrated  in  Fig.  2.  The  filter 
collectors  are  in  this  case  mounted  upon  a 
separate  trolley,  and  another  trolley  is  pro- 
vided for  carrying  a  drum  of  compressed  air 
supply  pipe,  so  as  to  give  greater  range  of 
action  to  the  plant  without  the  necessity  of 
using  extra  lengths  of  hose  for  the  operators. 
The  above  description  is  abstracted  and  the 
cuts  are  taken  from  The  Iron  and  Coal  Trades 
Review,  London. 
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Fig.  3.     Apparatus  Used  in  France. 


ators  remove  the  dust.  The  cleaning  imple- 
ments may  be  of  various  shapes  and  fitted 
with  or  without  brushes,  as  shown  in  Fig.  I. 
The  great  rush  of  air  into  the  cleaning  imple- 
ment, due  to  the  high  suction  of  the  pump, 
causes  every  particle  of  dust  over  which  the 
implement  is  passed  to  immediately  enter  it, 
and  thence  travel  through  the  flexible  hose 
to  the  filter  collector,  where  it  is  retained. 
When  one  collector  is  full,  the  other  is  imme- 
diately put  into  operation  by  moving  a  lever, 
and  the  first  is  then  emntied  into  a  skip  or 
bucket  for  removal  from  the  mine.  One  oper- 
ator can  free  from  every  particle  of  dust 
about  250  square  yards  of  prepared  zone  sur- 
face per  hour  with  reasonable  diligence.  The 
plant  may  be  driven  either  by  compressed  air 
from  the  mine  main  or  by  spark-proof  electric 
motor. 

Fig.  2  shows  the  compressed-air  driven  plant 
as  supplied  to  the  Whitwood  colliery,  capable 
of  employing  six  men.  The  power  necessary 
to  drive  the  machine  is  from  5-horsepower  to 
^-horsepower.  The  plant  travels  on  the  mine 
tramway,  taking  its  power  from  points  in  the 
•compressed-air  main,  and  its  over-all  dimen- 
sions are  4  feet  4  inches  high,  6  feet  3  inches 
long,  and  3  feet  3  inches  wide.  Fig.  3  shows 
the  compressed-air  driven  plant  as  supplied 
io  the  Courrieres  mine,  France,  of  the  same 


SLIMES  AGITATION  BY  COM- 
PRESSED AIR* 

The  use  of  compressed  air  for  the  agitation 
of  slimes  to  assist  in  the  solution  of  gold  and 
silver  in  the  cyanide  process  is  widespread 
and  its  advantages  are  many  and  well  known. 
Its  economical  application  is,  however,  of  ut- 
most importance,  and,  as  a  result,  many  me- 
chanical devices  have  been  originated. 

The  Solis  agitator  is  the  invention  of  Mr. 
Benito  Solis,  metallurgist  with  the  Negociacion 
Mineria  Guadalupe  de  los  Reyes,  at  which 
company's  works  in  Northern  Sinaloa,  Mexico, 
it  was  perfected  and  where  twelve  have  been 
in  satisfactory  use  for  over  a  year. 

The  metallurgical  practice  at  the  works  is 
stamp-crushing,  followed  by  pan-amalgama- 
tion of  battery  pulp  and  regrinding  of  tailings 
in  tube  mill  with  sands  treated  by  percolation 
and  slimes  by  agitation.  The  ore  averages 
about  $25  to  the  ton,  with  values  about  equally 
divided  between  gold  and  silver.  About  70 
per  cent,  of  the  values  is  recovered  in  the  amal- 
gamating pans.  The  slimes  are  reground  to 
200-mesh  in  a  Krupp  tube-mill  of  4  feet  diame- 
ter and  19  feet  length. 

Blow  tubes,  worked  by  Mexican  men  and 
boys,  were  formerly  used  in  the  agitation  of 
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the  slimes,  and  the  labor  expense  was  a  con- 
siderable item.  With  the  use  of  the  Solis  agi- 
tator, a  saving  on  labor  costs  of  over  $450  per 
year  per  tank  has  been  effected,  in  addition 
to  a  saving  in  time  of  24  hours — the  slimes 
(75  tons  of  pulp  and  about  75  tons  of  solu- 
tion) now  being  agitated  but  72  hours  instead 
of  96  hours  as   formerly. 

The  accompanying  engraving  shows  the  So- 
lis agitator  in  operation.  It  runs  by  the  im- 
pulse of  the  compressed  air  issuing  from  the 
nozzles.  Depending  into  the  tank  are  a  pair 
of  pipes  A,  formed  at  their  lower  ends  with 


Solis  Slimes  Agitator. 

tubular  heads,  each  head  ending  in  a  pair  of 
nozzles  as  shown  in  the  plan  view  3.  The 
pipes  A  communicate  with  a  transverse  pipe 
B  at  their  upper  ends,  the  form  of  coupling 
being  shown  at  2.  The  pipe  A,  it  will  be  ob- 
served, projects  through  a  stuffing  box  and  is 
formed  with  a  collar  C  at  its  upper  end  which 
has  ball  bearing  with  the  top  of  the  stuffing 
box.  Thus,  the  pipes  A  are  permitted  to  ro- 
tate. Each  pipe  A  is  connected  by  chain  and 
sprocket  gearing  with  a  pinion  journaled  on 
the  pipe  B  and  which  meshes  with  a  fixed 
gear  D.  The  pipe  B  communicates  with  a 
flexible  pipe  E  which  is  connected  to  the  com- 
pressed air  supply  pipe.  In  operation  the  air 
is  forced  through  the  system  of  piping  and  out 
of  the  nozzles  strikes  the  liquid  in  the  tank 
and  by  reaction  causes  the  pipes   A  to  rotate. 


This  motion  is  communicated  to  the  pinions 
which,  by  reason  of  their  engagement  with  the 
fixed  gear  D,  cause  the  pipe  B  to  rotate  and 
revolve  the  pipes  A.  The  pipe  B  and  the  fixed 
gear  D  are  secured  to  a  beam  F  which  is  ar- 
ranged to  slide  in  the  main  frame  of  the  ap- 
paratus. A  pinion  operated  by  the  hand-wheel 
G  engages  a  rack  on  this  beam  and  provides 
for  vertical  adjustment  of  the  apparatus  so  as 
to  move  the  pipes  A  to  any  desired  depth  in 
the  tank. 

The  agitator  not  only  renovates  the  contact 
surfaces  and  oxygenates  the  solution,  but  agi- 
tates in  such  a  manner  that  it  brings  every 
particle  of  mineral  in  contact  with  the  air  and 
cyanide  solution. 

No  claim  is  made  that  it  can  be  used  in  the 
agitation  of  sands,  although  it  has  done  good 
work  when  the  slimes  contained  as  high  as 
25  per  cent,  sands,  i.  e.,  sands  that  will  not 
pass  125-mesh. 

The  arms  are  made  of  ordinary  gas  piping, 
so  that  in  case  of  breakage  they  may  be  easily 
replaced.  In  the  ones  in  use  the  top  horizontal 
pipe  is  \l/2  inches  in  size,  the  uprights  depend- 
ing therefrom  y$  inch,  and  the  immersed  arms 
Y?  inch — all  sizes  commonly  found  about  mills. 

About  3  h.  p.  is  required  in  its  operation 
in  a  tank  of  31  feet  diameter  and  8  feet  depth, 
when  the  arms  are  of  a  length  of  about  7  feet ; 
it  would,  of  course,  cost  no  more  for  their 
operation  in  deeper  tanks.  It  runs  with  as 
low  an  air  pressure  as  10  pounds,  but  20  to 
25  pounds  insure  easier  running.  It  requires 
no  attention  after  once  started,  so  long  as  the 
compressed  air  is  supplied. 


COMPRESSED     AIR     IN     THE 
BOILER  SHOP 

We  are  glad  to  reproduce  here,  somewhat 
shortened,  an  editorial  from  a  recent  issue  of 
The  Boilermaker.  While  there  are  two  or 
three  things  in  it  which  we  perhaps  would 
have  said  somewhat  differently,  it  leads  de- 
cidedly in  the  right  direction.  The  article  is 
in  the  way  of  announcement  of  a  series  of 
papers  upon  pneumatic  tools,  what  they  will 
do  and  how  they  should  be  operated  and 
cared  for : 

From  the  way  in  which  pneumatic  tools  are 
handled  by  the  workmen  in  some  boiler  shops, 
it  would  appear  to  the  casual  observer  that 
such  appliances  are  of  no  more  value  than  an 
ordinary   sledge  hammer  or  drift  pin.     While 
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no  good  mechanic  would  fail  to  realize  that 
even  the  smallest  and  least  important  pneu- 
matic tool  is  a  delicate  and  expensive  piece  of 
machinery  and  would  use  it  accordingly,  yet 
when  placed  in  the  hands  of  an  unskilled  me- 
chanic, the  same  tool  is  frequently  subjected 
to  various  abuses  which  result  in  a  loss  of 
efficiency  if  not  in  the  destruction  of  the  tool. 

While  the  economy  and  usefulness  of  pneu- 
matic tools  have  been  thoroughly  demon- 
strated and  have  been,  in  fact,  the  cause  of 
their  extensive  use,  there  are  some  points  re- 
garding the  installation  of  the  air  compressor 
and  system  of  piping  which  should  not  be  for- 
gotten. Progress  in  the  use  of  compressed 
air  has  been  rapid,  and  it  was  only  about  ten 
years  ago  that  this  form  of  power  began  to 
come  into  general  use.  At  that  time  a  simple 
air  brake  pump  was  frequently  used  for  a 
compressor.  Naturally,  the  cost  and  trouble 
of  maintenance  of  such  a  crude  form  of  com- 
pressor was  considerable. 

Compressed  air  systems  are  now  installed 
in  a  variety  of  ways,  some  users  preferring  to 
use  one  or  two  very  large  units  for  com- 
pressing the  air  and  then  conveying  the  power 
through  long,  complicated  pipe  systems  to  the 
point  where  it  is  to  be  used.  Of  course,  greater 
refinement  in  design  can  be  obtained  with  the 
large  compressors,  and  since  the  loss  in  trans- 
mitting power  through  long  pipe  lines  amounts 
to  very  little  if  the  lines  are  carefully  inspect- 
ed, and  all  leaks  prevented,  this  is  generally 
conceded  to  be  the  most  economical  installa- 
tion. Compressors  up  to  a  capacity  of  200 
cubic  feet  of  air  per  minute  and  a  pressure  of 
100  pounds  per  square  inch  are  usually  single- 
cylinder,  double-acting  machines.  Above  a 
capacity  of  200  cubic  feet  per  minute  and  at 
higher  pressures  a  two-stage  compressor  shows 
better  economy.  The  duplex  type  with  two 
simple  cylinders,  except  for  low  air  pressures, 
which  do  not  warrant  compounding,  have 
nearly  all  been  superseded  by  the  two-stage 
type.  A  two-stage  compressor  compressing 
100  cubic  feet  of  free  air  per  minute  from  the 
pressure  of  the  atmosphere  to  100  pounds  gage 
pressure,  shows  a  saving  of  about  35  per  cent, 
over  a  single-stage  compressor.  The  steam 
cylinders  are  generally  compounded  when  the 
pressure  at  the  throttle  is  150  pounds  per 
square  inch  or  over. 

An  air  compressor  works  with  much  greater 
economy  when  it  can  be  run  at  moderate 
speed  than  when  it  is  forced  to  high  speed  or 


beyond  its  normal  capacity.  Therefore,  when 
installing  a  compressed  air  plant  it  is  of  the 
utmost  importance  to  provide  a  large  com- 
pressor. It  is  never  safe  to  depend  upon  in- 
termittent work  in  different  parts  of  the  shop 
to  keep  a  moderate  sized  compressor  working 
all  the  time.  Sufficient  capacity  should  be 
provided  to  supply  the  whole  shop  at  the  same 
time  and  to  provide  in  addition  to  this  a  large 
margin  for  an  increased  demand. 

After  the  proper  compressor  has  been  in- 
stalled the  economy  of  the  plant  may  be  great- 
ly affected  by  the  intelligent  installation  of  the 
distributing  pipe  lines.  Above  all,  the  pipes 
should  be  of  large  size,  since  a  large  sized 
pipe  gives  a  good  storage  capacity  and  pre- 
vents loss  of  power,  due  to  friction  of  the  air 
in  the  pipe.  Provision  should  be  made  for  a 
drainage  of  moisture  in  the  pipe,  and  the  ar- 
rangement of  the  pipe  should  be  such  that  an 
accident  or  leak  in  one  section  will  not  tie  up 
the  whole  plant.  Some  workmen  seem  to  have 
the  idea  that  since  air  is  free  to  breathe  it  is 
not  necessary  to  economize  in  the  use  of  com- 
pressed air,  but  it  should  be  remembered  that 
it  takes  coal  to  compress  th^e  air,  and  even  a 
small  leak,  say  from  a  fi-f6-inch  hole,  may 
mean  the  loss  of  a  horsepower  or  more. 

Moislas&fe  can  be  prevented  in  the  pipe  sys- 
tem by  the  effectual  cooling  of  the  air  after 
compression.  Likewise  dirt  and  grit,  which 
are  extremely  detrimental  to  .  delicate  pneu- 
matic tools,  can 'be  filtered  from  the  air  by  the 
use  of  suitable  screens.  The,  ajr,  Cylinders'  in 
the  compressor  should"  be  lubricated  with  an 
oil  which  has  a  high  flash  point. 


PROGRESS  IN  AERONAUTICS 

The  following  is  a  portion  of  an  address  at 
the  opening  of  the  International  Aeronautical 
Congress  in  New  York  by  Professor  Moore, 
chief  of  the  Government  Weather  Bureau: 

"Since  the  last  International  Aeronautical 
Congress,  that  at  Milan  in  1906,  two  practical 
solutions  of  the  problem  of  aerial  navigation 
have  become  established.  Several  dirigible 
balloons  have  been  produced  which  are  truly 
and  effectively  navigable,  and  a  dynamic  flying 
machine  has  been  evolved  which  has  flown 
many  times,  the  maximum  being  twenty-four 
miles  at  a  stretch.  Moreover,  there  have  been 
great  advances  in  meteorology,  so  that  we  are 
now  well  on  the  way  to  the  dominion  of  the 
air. 
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"The  previous  congresses  chiefly  discussed 
the  means  and  methods  that  might  be  em- 
ployed to  achieve  success ;  they  pointed  out  the 
conjectured  way;  and  now  that  success  has 
come  in  a  rudimental  way  at  least,  it  remains 
to  discuss  further  the  evolution  to  be  accom- 
plished and  the  possible  uses  of  balloons  and 
flying  machines.  The  paramount  fact  is  that 
in  order  to  be  practically  efficient  the  dirigible 
balloon  should  attain  an  inherent  or  'proper' 
speed  superior  to  that  of  ordinary  winds.  Sci- 
entific observations  in  France  have  shown  that 
at  Paris,  at  a  height  of  say  300  feet  above  the 
Seine  River,  the  probabilities  of  encountering 
a  wind  of  less  speed  than  thirty-two  miles  an 
hour  are  798  in  1,000;  that  the  chances  of  wind 
of  less  than  twenty-eight  miles  an  hour  are 
815  in  1,000,  so  that  the  possibilities  are  that 
a  balloon  possessing  the  latter  speed  could 
hold  its  own  on  297  occasions  or  days  of  the 
year." 

After  telling  of  the  work  of  foreign  govern- 
ments in  this  line,  Mr.  Moore  said : 

"In  the  United  States  the  government  has 
done  practically  nothing  toward  building  dirig- 
ible balloons.  This  has  been  left  to  private 
initiative,  and  the  only  returns  possible  thus 
far  are  from  public  exhibitions.  Mr.  Stevens, 
Mr.  Baldwin  and  Mr.  Knabenshue  have  built 
and  flown  small  and  slow  airships.  They 
could  have  shown  more  speed  if  they  had  built 
larger  ships,  but  this  was  beyond  their  means, 
for  the  Patrie  is  said  to  have  cost  $60,000.  On 
the  other  hand,  Mr.  Wellman  has  built  a  very 
large  and  moderately  fast  airship  in  the  dar- 
ing project  to  reach  the  North  Pole,  and  it  is 
earnestly  hoped  that  his  third  attempt  next 
year  will  be  crowned  with  success. 

"It  is  thus  seen  that  dirigible  war  balloons 
have  been  developed  to  an  inherent  speed  of 
twenty-eight  to  thirty  miles  per  hour.  This  is 
not  likely  to  be  exceeded  very  soon,  for  al- 
though the  possible  speed  increases  with  the 
size,  the  danger  and  difficulties  of  handling 
such  frail  structures  increase  also.  It  is  prob- 
able that  the  Zeppelin  airship,  413  feet  long 
and  38^2  feet  in  diameter,  is  on  the  border  of 
impracticability.  The  present  speed  may  prove 
satisfactory  on  comparatively  still  days,  but 
it  remains  to  be  ascertained  by  practice  to 
what  height  balloons  will  have  to  ascend  to  be 
reasonably  safe  from  gun  fire  and  what  winds 
will  thus  be  encountered. 

"The  balloon  possesses,  however,  two  ad- 
vantages   over    the    flying    machine.      First,    it 


can  lift  a  greater  proportionate  surplus  weight 
with  increase  of  size.  If  this  is  not  utilized 
for  a  more  powerful  motor  projectiles  may  be 
taken  up. 

"The  second  advantage  is  that  in  a  contest 
between  the  two  (a  flying  machine  and  a  bal- 
loon) the  balloon  by  discharging  ballast  can 
rise  vertically  much  faster  than  the  flying  ma- 
chine, and  the  upper  position  confers  great 
advantage  both  for  attack  and  defense,  as  evi- 
denced by  all  the  contests  between  birds.  The 
chief  use  in  war,  however,  both  of  the  dirig- 
ible balloon  and  of  the  flying  machine  will  be 
in  scouting  and  in  directing  artillery  fire  by 
use  of  wireless  telegraphy.  They  will  carry 
little  surplus  weight  and  their  offensive  opera- 
tions will  be  limited,  although  occasionally 
lucky  shots  may  prove  decisive  in  their  conse- 
quences, such  as  the  destruction  of  a  warship 
or  of  a  powder  magazine. 

"Now  that  the  air  is  to  be  navigated,  the 
study  of  meteorology  becomes  more  important 
than  ever  before. 

'It  is  evident  that  the  first  application  in 
aerial  navigation  will  be  to  the  art  of  war,  and 
it  is  clear  that  its  main  usefulness  will  be  in 
reconnoissance,  for  the  loads  which  can  be  car- 
ried will  be  small.  Balloons  have  not  reached 
nearly  their  limit  of  speed  and  will  always  be 
comparatively  slow.  Flying  machines  begin 
with  thirty-eight  miles  an  hour  and  may  at- 
tain in  the  future  sixty  to  seventy-five  miles 
an  hour,  with  a  radius  of  action  perhaps  200 
or  300  miles.  Commercially  very  little  is  to 
be  expected  from  either  balloons  or  flying 
machines.  Carrying  freight  is  out  of  the  ques- 
tion, and  even  profitable  smuggling  is  doubt- 
ful. For  passenger  traffic  the  number  will  be 
so  small  and  the  cost  so  great  that  no  com- 
petition is  possible  with  existing  modes  of 
transit. 

"Moreover,  there  will  always  be  danger,  but 
even  before  this  has  been  minimized  aerial 
navigation  may  serve  in  sport.  This  has  al- 
ready occurred  with  balloons  and  may  be 
more  pronounced  with  flying  machines.  The 
latter  will  be  useful  in  exploration  of  other- 
wise inaccessible  places,  such  as  mountain  tops, 
swamps  or  densely  wooded  regions.  Balloons 
and  flying  machines  will  undoubtedly  be  used 
in  carrying  dispatches  and  even  mail  service 
may  be  attempted,  but  deliveries  will  be  irreg- 
ular. Upon  the  whole,  now  that  success  has 
come,  we  see  that  the  conquest  of  the  air  has 
more  limited  practical  uses  than  was  imagined 
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when  it  was  not  known  how  that  success  was 
to  be  achieved,  but  it  may  develop  new  uses 
of  its  own  and  prove  an  important  benefit  to 
mankind." 


PLYMPTON    CHARACTERISTICS 

Dr.  Rossiter  W.  Raymond  has  contributed 
to  a  recent  issue  of  The  Engineering  and  Min- 
ing Journal  an  admirable  "Tribute  of  Justice 
and  Friendship"  to  the  memory  of  the  late 
Professor  George  Washington  Plympton  of 
Greater  New  York.  Dr.  Raymond  is  widely 
and  justly  celebrated  for  his  faculty  and  fa- 
cility of  saying  things  as  no  one  else  could 
say  them,  things  in  themselves  eminently 
worth  the  saying.  His  writings  always  fur- 
nish striking  extracts  when  the  whole  cannot 
be  appropriated,  as  note  the   following: 

SCHOOL- MADE    OR    SELF-MADE? 

This  son's  [Plympton's]  early  education  was 
gained  in  a  public  school ;  but,  like  so  many 
American  boys  of  that  period,  he  was  obliged 
to  leave  his  school-training  incomplete,  and 
give  himself  to  a  wage-earning  occupation  in 
a  machine-shop.  The  notion  still  lingers  here 
and  there  among  us,  that  such  enforced  prac- 
tice, interrupting,  or  altogether  cutting  off, 
theoretical  instruction,  is  a  good  thing  in  it- 
self. This  is  like  the  superstition  that  the 
endurance  of  hardship  inures  a  man  to  fur- 
ther hardship.  But  we  have  found  out  in  the 
field  that  white  men  could  surpass  in  this  re- 
spect the  half-starved,  half-frozen  Indians  of 
the  plains  and  that  in  the  war  of  the  Rebel- 
lion recruits  drawn  from  the  comparatively 
comfortable  life  of  the  city  could  stand  more 
of  fatigue  and  deprivation  than  those  who 
came  from  the  strenuous  training  of  farm- 
labor.  The  truth  seems  to  be  that  foregoing 
severities  of  experience  do  not  strengthen 
men,  but  simply,  that  they  sift  out  the  weaker 
men,  so  that,  on  the  whole,  the  strongest  only 
survive — though  even  these  are  not  as  strong 
as  they  might  otherwise  have  been.  We  may 
say.  in  like  manner,  that  deficiencies  of  early 
education  and  the  necessity  of  self-help  are 
not  in  themselves  advantageous ;  but  that 
those  who  defy  and  overcome  them  are  likely 
to  be  men  of  strong,  resolute  character  and 
high  ambition.  The  fact  that  "self-made"  men 
always  try  to  give  to  their  sons  the  early  ad- 
vantages which  they  could  not  command  for 
themselves,  is  an  additional  proof  of  this  prop- 
osition.    Moreover,  it  is  easy  to  over-estimate 


the  scope  of  school-training.  To  some  young 
men,  it  is  invaluable,  and  the  lack  of  it  can 
never  be  made  up.  Others  already  endowed 
with  the  gift  of  intelligent  study  and  the  art 
of  dealing  with  men,  easily  replace,  during 
the  years  of  practice,  what  they  did  not  learn 
in  school. 

SLEIGHT   OF    HAND    [MIND?]    IN    PEDAGOGY. 

In  his  work  as  instructor  at  the  Polytechnic. 
Professor  Plympton  exhibited  in  high  degree 
his  peculiar  ability  to  stimulate  and  inspire  his 
pupils.  It  may  fairly  be  said  that  in  many  de- 
partments, and  especially  in  those  which  con- 
cern rudimentary  knowledge,  the  future  use- 
fulness of  which  is  not  immediately  obvious  to 
the  young  student,  the  teacher's  greatest  dif- 
ficulty is  to  make  the  necessary  initial  drudg- 
ery interesting  to  beginners  who  do  not  appre- 
ciate its  value.  No  pupil  of  his  ever  presented 
that  difficulty  to  him.  While  he  was  still  carry- 
ing his  students  through  the  alphabet  of  sci- 
ence, he  began  teaching  them  to  spell.  A  happy 
instance  of  his  method,  accidentally  madeknown 
to  me,  is  the  way  in  which  he  was  accustomed, 
in  connection  with  his  course  in  physics,  to  in- 
duct his  classes  into  the  mysteries  of  legerde- 
main, of  which  quasi-scientific  art  he  was  him- 
self an  accomplished  practitioner.  Those  who 
are  acquainted  with  the  history  of  this  art  need 
not  be  told  that  such  masters  as  Houdin  made 
use  of  the  latest  scientific  discoveries  in  mag- 
netism, electricity,  etc.,  for  the  working  of 
their  seeming  miracles,  and  that  the  marvels 
not  thus  to  be  accounted  for  were  tricks,  per- 
formed by  skilful  hands  in  the  presence  of  un- 
trained observers.  Indeed,  when  I  note  how 
many  honest,  good,  even  scientific  people,  are 
continually  deluded  by  such  "occult"  perform- 
ances, I  am  almost  ready  to  declare  that  in- 
struction in  legerdemain  ought  to  be  a  part  of 
every  course  in  physical  science.  At  all  events, 
Professor  Plympton  made  it  incidentaHy  a  part 
of  his  course ;  and  I  remember  with  pleasure 
the  account  he  once  gave  me  of  a  couple  of  his 
students  who,  upon  their  graduation,  made  a 
journey  to  India,  and,  being  amply  furnished 
with  money,  made  it  their  business  to  see,  at 
any  cost,  the  best  that  Indian  magicians  had 
to  show ;  and  who,  after  their  return,  reported 
to  him  that  they  had  witnessed  absolutely  noth- 
ing which  they  were  not  able,  through  the 
previous  instruction  received  from  him,  to  de- 
tect at  once  as  a  mere  trick — and,  in  most 
cases,  a  very  clumsy  one.  Plympton,  in  telling 
me  of  this  incident,  connected  it  with  the  his- 
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toric  encounter  between  Houdin  and  the  ma- 
gicians of  the  East,  in  which  the  French  ex- 
pert not  only  divined  and  reproduced  all  their 
miracles,  but  performed  others  which  they 
could  not  copy  or  explain. 

COULD    NOT    GET   ANGRY. 

The  great  secret  of  this  extraordinary  ad- 
ministrative success  was  undoubtedly  the 
man's  invariable  mood  of  courtesy,  sympathy 
and  self-control.  Anger  always  clouds  the 
judgment,  and  complicates  the  situation.  Xow, 
I  never  saw  Professor  Plympton  angry — not 
even  when,  as,  the  head  of  the  Brooklyn  Sub- 
way Commission,  he  was  scurriously  attacked ; 
and  I,  as  his  colleague,  was  righteously  angry 
for  him !  Nobody  at  Cooper  Union,  so  far  as 
I  can  learn  (and  my  experience  is  corroborated 
by  the  testimony  of  those  who  saw  him  every 
night  for  some  thirty  years  of  his  service 
there),  ever  saw  him  angry.  And,  most  won- 
derful of  all,  he  was  equally  gentle  and  equable 
at  home.  His  son,  a  man  of  mature  age,  says 
he  never  saw  him  angry !  I  emphasize  this 
feature  of  his  character,  not  by  way  of  preach- 
ing or  eulogy,  but  from  the  standpoint  of  an 
engineer,  as  an  illustration,  almost  uniqe  in 
my  observation,  of  the  saving  of  energy,  the 
avoidance  of  "waste  motion''  through  intel- 
lectual error,  and  the  increased  efficiency  and 
durability  of  work  and  influence,  through  the 
maintenance  of  an  absolutely  constant  tem- 
perature of  mind  and  heart.  Those  of  us  who 
need  to  be  excited  before  we  can  "do  our  best'' 
are  not  really  ever  doing  our  best.  The  fev- 
erish is  not  the  most  forcible.  The  western 
phrase,  "He  did  his  level  best,''  has  a  deep 
philosophy  in  it ;  for  it  characterizes  the  man 
upon  whose  strength  we  can  always  place  our 
reliance — the  man  who  is  always  "in  good 
form"  for  his  task,  and  ready  to  discharge  it 
with  elastic  readiness  and  complete  command 
of  its  requirements. 

SHUNTING    THE    CRANKS. 

I  must  mention  here,  as  an  additional  item 
in  the  already  astonishing  catalogue  of  his 
numerous  occupations,  one  of  his  many  func- 
tions as  director  of  the  Cooper  Union — a 
function  officially  unrequired  and  unrecorded, 
and  voluntarily  assumed.  Namely,  he  used  to 
receive,  hear  and  advise  all  sorts  of  inventors 
and  "cranks,"  presenting  more  or  less  revolu- 
tionary novelties  in  scientific  theory  or  prac- 
tice. Such  folks  not  only  drifted  to  him;  they 
were  also  referred  to  him  by  those  who  wished 
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perpetual  motion,  squarers  of  the  circle,  etc., 
etc.,  as  well  as  the  inventors  of  devices  less 
clearly,  though  not  less  really,  absurd,  inflicted 
themselves  upon  him.  From  the  stories  of 
such  experiences  which  he  told  me  from  time 
to  time,  I  infer  that  perhaps  nobody  ever  sur- 
'  passed  him  in  the  patient  courtesy  and  secret 
amusement  with  which  he  received  and  en- 
lightened such  crude  enthusiasts.  The  only 
precedent  known  to  me  is  that  of  the  Oxford 
mathematician,  Professor  De  Morgan,  whose 
contributions  to  "Xotes  and  Queries"  (pub- 
lished after  his  death  in  that  delicious,  and 
now  scarce,  book,  "A  Budget  of  Paradoxes") 
show  what  delight  he  felt  in  dealing  with  the 
queer  propounders  of  eccentric  doctrines.  The 
difference  is,  that  Plympton  never  published 
the  crude  notions  of  his  visitors,  together  with 
his  own  witty  refutations  of  them,  but  simply 
tried,  as  a  friend,  to  correct  their  errors,  and 
guide  them  to  more  thorough  study  of  prin- 
ciples. 

A    DAY'S    WORK. 

I  can  remember  a  time  when  he  used  to 
leave  home  at  7.30  A.  M . ;  go  by  horse-car 
to  his  duty  at  the  Brooklyn  Polytechnic ; 
thence  to  the  Long  Island  College ;  thence 
to  his  editorial  work  at  Van  Xostrand's, 
and  finally  to  his  night's  service  at  the 
Cooper  Union,  after  which  he  reached  home 
between  10  and  11  P.  M.,  to  repeat  the 
same  program  on  the  following  day.  On  Sat- 
urday night,  however,  he  permitted  himself  to 
break  through  this  rigid  routine ;  and  in  the 
memorable,  happy  days  when  the  Century  still 
had  its  home  in  15th  street,  he  and  I  used  to 
enjoy,  that  night,  an  hour  of  relaxation,  before 
returning  together  to  Brooklyn.  As  a  general 
rule,  he  could  be  found,  during  this  hour,  play- 
ing billiards — a  sign,  as  I  have  always  thought, 
of  the  need,  to  a  mind  long  strained,  of  radical 
and  restful  change.  Yet,  on  the  journey  home, 
much  longer  in  those  days  than  now,  he  was 
as  freshly  appreciative  and  suggestive  as  if 
nothing  had  happened  during  the  week  to 
make   him    tired. 

Apart  from  his  native  gifts,  the  chief  factor 
of  his  enduring,  versatile  intellectual  vigor 
was,  as  I  have  indicated,  his  genial  tempera- 
ment. But,  on  the  physical  side,  his  sound 
health  and  regular,  temperate  habits  must  be 
taken  into  account.  One  of  the  habits  which 
played  no  small  part  in  the  maintenance  of  his 
powers  was  that  of  spending  the  summer  vaca- 
tion  in  complete   rest  and  out-door  recreation. 
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AIR  PIPE  LINE  CAPACITIES 

South  African  Mines,  printed  at  Johannes- 
burg, South  Africa,  is  working  faithfully  for 
the  quickening  and  betterment  of  compressed 
air  practice  "on  the  Rand."  The  pressures 
employed  are  not  high  at  the  compressors,  and 
at  the  drills  much  too  low,  the  result  appar- 
ently of  using  pipes  of  insufficient  capacity. 
The  article  here  reprinted  from  a  recent  issue 
should  do  good  if  such  things  are  heeded  in 
that  field. 

The  continual  reference  by  South  African 
Mines  to  the  low  air  pressures  prevailing  on 
the  Rand  appears  to  be  having  an  effect,  as 
our  leading  mining  and  mechanical  engineers 
are  beginning  to  recognize  that  an  under- 
ground pressure  of  35  to  55  pounds  does  ex- 
ist, even  though  engine-room  air  charts  record 
70  to  80  pounds  at  the  surface.  The  engin- 
eering staffs  in  the  town  offices,  as  well  as 
the  managers  and  engineers  on  the  mines,  are 
not  only  willing  to  admit  the  criticisms  are 
justified,  but  one  after  another  they  are  mak- 
ing attempts  to  remedy  the  evil  and  save  the 
Rand  the  £100,000  annually  wasted  because  the 
underground  air  pipe  lines  used  are  too  small 
for  the  service  required  of  them. 

The  greatest  power  loss  on  the  average  mine 
is  unquestionably  due  to  underground  air  lines 
being  too  small,  and  because  so  little  is  really 
known  on  the  Rand  regarding  the  best  size 
air  lines  for  a  certain  work,  it  may  not  be 
amiss  to  give  the  latest  information  on  the 
subject.  The  following  tables  giving  the  car- 
rying capacities  of  various  size  pipes  for  vari- 
ous distances  are  based  on  D'Arcy's  formulae, 
and  have  been  proved  correct  in  practice. 
Decimal  points  and  fractions  have  been 
omitted  wherever  possible,  and  it  has  fur- 
ther appeared  desirable  to  suffer  a  total  loss 
in  pressure  of  about  12  pounds,  3  pounds  be- 
ing accounted  for  in  the  air  line  going  down 
the  shaft,  3  pounds  in  the  air  lines  along  the 
drives  and  cross-cuts,  and  3  pounds  in  the 
stopes,  with  a  further  loss  of  about  3  pounds 
due  to  bent  pipes,  short  turns,  valves,  tees,  el- 
bows, crosses,  etc.  Delivering  air  at  the  en- 
gine-room receiver  at  75  pounds,  which  is  the 
practice  here  to-day,  will  then  mean  getting 
63  pounds  at  the  working  faces,  as  against 
the  present  35  to  55  pounds.  The  best  prac- 
tice does  not  admit  of  a  total  loss  greater 
than  5  pounds,  but  as  20  to  30  pounds  is  the 
present  loss  in  pressure,  and  wonders  can  not 
be  worked  overnight,  let  us  split  the  difference 


and  suffer  the  12  pounds  loss  until  such  times 
as  we  realize  that  this  nominal  loss  is  insuf- 
ferable. 

SHAFT    AIR    LINES. 

Assuming  the  initial  air  pressure  in  the  en- 
gine-room is  75  pounds  to  the  square  inch, 
and  that  the  loss  in  pressure  due  to  pipe 
friction  is  not  greater  than  3  pounds,  we  find 
that  a  given  size  pipe  line  has  the  following 
capacity  for  various  lengths  : 
6-inch  pipe  line, 

1,000  ft.  long  is  large  enough  for  only  19  large  drills 
2,000  ft.  14  " 

3,000  ft.  "  12 

4,000  ft.  10            " 

7-inch  pipe  line, 

1,000  ft.  long  is  large  enough  for  only  28  large  drills 

2,000  ft.  22 

3,000  ft.  18            " 

4,000  ft.  16            " 

8-inch  pipe  line, 


3,000  ft 
4,000  ft 
9-inch  pipe  line, 


1,000  ft.  long  is  large  enough  for  only  39 
2,000  ft.  31 

3,000  ft.  "  25 

4,000  ft.  22 

h  pipe  line, 

1,000  ft.  long  is  large  enough  for  only  54 
2,000  ft.  41 

3,000  ft.  34 


large  drills 


large  drills 


4,000  ft. 
1  o-inch  pipe  line, 

1,000  ft.  long  is  large  enough  for  only  68  large  drills 
2,000  ft.  54 

3,000  ft.  45 

4,000  ft.  38 

12-inch  pipe  line, 

1,000  ft.  long  is  large  enough  for  only  107  large  drills 
2,000  ft.  85 

3,000  ft.  71 

4,000  ft.  61 


DRIVE   AIR   LINES. 

Assuming  the  air  pressure  at  the  station 
underground  is  70  pounds,  and  that  a  loss  of 
3  pounds  pressure  in  the  drives  is  not  to  be 
exceeded,  we  have  the  following  capacities  for 
various  size  pipes  for  various  lengths : 


2V2-mch  pipe  line, 

500  ft.  long  is  large  enough  for  only  3      large 
1,000  ft.  "         •         2 

1,500  ft.  "  1% 

2,000  ft.  i^/z 

3-inch  pipe  line, 

500  ft.  long  is  large  enough  for  only  4V2  large 
1,000  ft.  *W 

1,500  ft. 
2,000  ft. 
4-inch  pipe  line, 

500  ft.  long  is  large  enough  for  only  10  large 
1,000  ft.  7 

1,500  ft.  "  6 

2,000  ft.  5 

5-inch  pipe  line, 

500  ft.  long  is  large  enough  for  only  18  large 
1,000  ft.  13 

1,500  ft.  10 

2,000  ft.  9 


3% 
2% 
2% 


drills 


drills 


drills 


drills 


STOPE    AIR    LINES. 

Assuming  the  air  pressure  is  65  pounds  in 
the  drive  and  that  a  further  loss  of  3  pounds 
pressure  in  the  stopes  is  not  to  be  exceeded, 
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we  have  the  following  capacities  for  the  vari- 
ous size  pipes  and  for  lengths  up  to  300  feet : 

i^j-inch  pipe  line, 

100  ft.  long  is  large  enough  for  only  iY2  large  drills 
200  ft.  1 

300  ft.  1 

2-inch  pipe  line, 

100  ft.  long  is  large  enough  for  only  3%  large  drills 

200  ft.  2V2 

300  ft.  2  " 

21/2-inch  pipe  line, 

100  ft.  long  is  large  enough  for  only  6      large  drills 
200  ft.  4% 

300  ft.  2Y2 

3-inch  pipe  line, 

100  ft.  long  is  large  enough  for  only  10  large  drills 
200  ft.  7 

300  ft.  6 

With  the  usual  engine-room  air  pressure  of 
75  pounds,  and  adhering  strictly  to  the  dimen- 
sions and  capacities  given,  there  will  be  no 
excuse  for  an  air  pressure  at  the  working 
faces  of  less  than  60  to  65  pounds — there  will 
be  no  excuse  for  the  miner  not  getting  in  four 
6-foot  holes  before  12  o'clock,  and  there  will 
be  no  excuse  for  the  underground  official  who 
does  not  insist  on  at  least  two  more  holes 
being  drilled  before  blasting  time.  Further- 
more, the  air  compressor  will  work  a  shorter 
time,  because,  instead  of  compressing  air  for 
five  to  six  hours  to  drill  four  holes  per  rock- 
drill,  it  will  only  have  to  work  75  per  cent,  of 
this  time  for  the  same  tonnage   broken. 

To  show  what  a  deviation  from  the  figures 
in  the  foregoing  tables  means,  the  following 
remarks  are  appended : 

Increasing  Length  of  Pipe  Line  by  Two,  i.  e., 
doubling  any  length  given  in  the  tables  and' 
operating  off  it  the  same  number  of  drills, 
doubles  the  friction  loss  and  makes  it  6  pounds 
instead  of  3  pounds. 

Doubling  ihe  Number  of  Drills  that  a  given 
size  and  length  of  pipe  line  is  rated  for  in  the 
tables,  quadruples  the  friction  loss  and  makes 
it  12  pounds  instead  of  only  3  pounds. 

Lengthening  a  Given  Pipe  Line  or  Increas- 
ing the  Number  of  Drills  over  the  figures 
given  in  the  tables,  increases  the  initial  fric- 
tion loss  of  12  pounds  to  15  pounds  in  one 
case,  and  21  pounds  in  the  other.  This  is  to 
be  avoided. 


HOW      COMPRESSED    AIR      MAY 
DESTROY  SEA  WALLS 

Mr.  O.  Fraser,  superintendent  and  ex-gov- 
ernment inspector  of  works,  writes  to  En- 
gineering News  from  Port  Colborne,  Canada, 
an  interesting  letter  having  to  do  with  con- 
crete sea  walls  and  the  conditions  under  which 


they  are  disintegrated  by  wave  action.  He 
says  that  when  the  1-2-3  mixture  is  used  there 
is  no  trouble.  In  one  large  foundation  the 
crushed  stone  was  abandoned  and  river  gravel 
was  used,  il/2  of  gravel  to  3  of  coarse  sand. 
The  results  were  incomparable  piers  and  quays 
with  a  face  as  if  it  were  polished  glass. 

He  says  further : 

Let  those  who  are  building  sea  and  quay 
walls  avoid  crushed  stone  as  they  would  avoid 
the  mischief,  and  adopt  gravel  concrete  to  the 
proportions  given ;  that  is,  up  to  low  water 
or  neap  tide  levels ;  then  adopt  1-2-3.  To  re- 
duce the  cost  from  low-water  level  up  to  cop- 
ing, use  the  crushed  stone  there  with  35  per 
cent,  of  one-man  stone  rubble  displacers.  Then 
you  have  a  conglomerate,  a  solid  mass  of  mon- 
olithic concrete.  Let  the  rubble  displacers  be 
kept  back  from  the  face  of  the  form  one  foot 
and  that  solid  foot  of  concrete  be  well  rammed 
and  faced  up  with  a  trowel. 

I  have  found  that  in  building  these  quays 
and  sea  walls  there  was  no  disintegration, 
simply  for  the  reason  that  the  face  was 
smooth  as  glass  and  as  solid  as  concrete  can 
be  made.  On  building  with  1-2-4,  which  seems 
to  be  generally  adopted  under  water,  I  dis- 
tinctly say  it  is  utterly  impossible  to  build  with 
these  proportions  and  at  the  same  time  use 
crushed  stone.  When  building,  the  wall  will 
be  in  the  condition  as  described,  full  of  holes 
under  water  that  cannot  be  pointed,  and  the 
portion  above  water  is  always  damp  and  will 
not  hold  the  pointing.  And  by  some  it  is  called 
disintegration  through  chemical  action ;  by  oth- 
ers it  is  thought  to  be  caused  by  ice  abrasion, 
and  they  are  nearer  the  mark.  What  can  be 
expected  when  great  blocks  of  ice  come  smash 
on  to  a  face  of  1-2-4  concrete?  It  is  not  con- 
ceivable that  two  parts  of  sand  will  fill  the 
voids  of  four  parts  of  crushed  stone. 

The  half  of  the  whole  mass  is  full  of  air. 
A  storm  coming  on  from  any  direction  of  the 
seas  is  always  worse  between  high  and  low 
water,  as  generally  at  high  water  the  storm 
abates.  The  storm  being  at  its  worst  at  the 
top  portion  of  the  underwater  concrete  and  the 
bottom  portion  of  the  top  concrete,  it  is  there 
where  the  destruction  begins.  The  top  por- 
tion may  be  anything  from  12  feet  to  20  feet, 
according  to  location.  Just  take  that  body 
of  water  12  to  20  feet,  backed  up  by  the  full 
weight  and  force  of  the  ocean,  coming  on  with 
a  rush  just  like  a  demon,  and  again  receding 
back    100    feet    and    coming    on    with    crested 
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waves  from  20  to  30  to  50  feet  in  height,  with 
that  snarled  crested  curve  coming  on  and  dash- 
ing on  to  the  wall  surface  that  has  holes  and 
contains  in  its  body  a  full  half  of  air.  This 
air  is  locked  in  and  becomes  compressed.  That 
something  has  to  go  is  certain.  Explosions 
and  a  series  of  explosions  take  place.  This 
goes  on  from  day  to  day.  week  to  week,  month 
to  month  and  maybe  from  year  to  year  until 
it  is  discovered  that  the  wall  is  getting  cut  up. 
and  then  it  is  called  disintegration  when  it 
should  be  called  air  abrasion  or  compressed 
air  explosions. 

The  remedy  is  as  follows  :  For  walls  under 
water  to  any  depth,  use  gravel  concrete ;  use 
sea  water ;  let  the  proportions  be  4^2  cubic 
feet  to  one  bag  of  cement ;  bring  up  your  un- 
derwater concrete  2  feet  above  low  water  level. 
Mark  this  particularly,  as  the  density  of  your 
concrete  depends  on  it.  Use  the  full  volume 
of  water  to  one  bag;  if  in  dry,  hot  weather, 
4  to  4l/2  ordinary  pails  of  water,  if  damp,  3 
to  3l/2.  Do  not  be  afraid  to  give  the  full  vol- 
ume of  water,  because  when  full  it  cannot  re- 
ceive any  more  if  your  concrete  has  not  the 
full  volume ;  then  when  you  deposit  it  water 
is  just  like  air.  There  can  be  no  voids.  It 
will  rush  in  to  fill  that  void  and  in  its  course 
rushing  in  it  washes  away  the  cement  ( which 
becomes  free  lime).  Concrete  is  just  like  the 
hungry  man.  Give  him  a  full  meal,  give  him 
a  good  skinful,  and  he  cannot  take  any  more. 
This  volume  of  water  is  for  density,  solidity, 
and  to  produce  a  face  such  as  no  man  by  any 
manner  or  manipulation  can  produce.  With 
no  lodgment  for  air,  your  wall  will  stand  for 
many  generations  and  we  will  hear  no  more 
about  disintegration. 


GASES  OF  THE  COAL    MINES 

At  a  recent  meeting  of  the  Midland  Branch 
of  the  National  Association  of  Colliery  En- 
gineers, held  at  Nottingham,  Eng.,  Professor 
F.  Clowes  discoursed  upon  the  above  topic. 
We  present  a  brief  abstract : 

While  chemists  use  the  word  gas,  miners 
generally  call  the  gases  of  the  mines  "damp" 
— choke-damp,  fire-damp  and  after-damp.  As 
the  gases  can  be  liquefied,  they  are  really  va- 
pors, and  "damp'*  is  all  right  for  them.  The 
compressibility  of  the  gases  has  an  important 
bearing  upon  the  damps  of  the  mine.  When 
the  barometer  is  low,  indicating  a  low  pres- 
sure of  the  air,  miners  must  be  on  their  guard 


against  the  gases,  which  are  then  apt  to  be 
released.  Certain  liquids  have  a  slow  process 
of  mingling  with  each  other,  but  all  gases  mix 
spontaneously  and  rapidly.  The  light,  inflam- 
mable gases  which  escape  in  the  roof  of  the 
workings  have  a  tendency  to  mix  with  the  air. 
The  heavier  gases  on  the  floor  will  do  the 
same,  and  the  whole  will  in  time  produce  a 
uniform  mixture.  This  mixing  is  accelerated 
by  the  rapid  ventilating  currents  which  all 
collieries  have  to  maintain. 

Gases  differ  in  their  affinities  for  and  solu- 
bility in  water.  The  gases  common  to  a  mine 
are  generally  only  slightly  soluble.  Water 
containing  caustic  soda  will  absorb  carbonic 
acid  gas,  and  use  is  made  of  this  in  a  rescue 
apparatus  for  a  man  to  strap  on  his  back.  The 
carbonic  acid  in  the  wearer's  breath  is  ab- 
sorbed by  the  caustic  soda  solution  and  the 
air  is  so  far  purified. 

Ventilation  is  carried  on  upon  such  an  ex- 
tensive scale  in  coal  mines  that  there  should 
be  little  difference  in  the  air  within  and  with- 
out the  mine,  except  for  the  causes  operative 
in  the  mine  itself.  Breathing  changes  the  oxy- 
gen of  the  air  to  carbonic  acid  and  this  to  a 
considerable  extent.  Fresh  air  has  oxygen, 
20.81  per  cent.;  nitrogen,  79.15;  carbonic  acid, 
0.04,  or  about  that.  Breathed  or  expired  air 
may  show  oxygen  16.03,  instead  of  20.81,  but 
the  carbonic  acid  has  been  increased  perhaps 
a  hundredfold  by  respiration.  Every  forge 
below  ground  also  is  responsible  for  an  in- 
crease of  this  gas. 

It  has  been  found  necessary  to  adopt  sys- 
tems of  ventilation,  or  air  renewal,  in  other 
places.  In  the  tube  railways  the  air  is  much 
more  rapidly  vitiated  and  their  engineers  have 
taken  their  lesson  from  the  mines  and  have 
adopted  similar  means  for  ventilation. 

When  the  oxygen  of  the  air  is  reduced  to  16 
per  cent.,  no  ordinary  flame,  as  a  candle,  will 
burn  in  it :  hydrogen,  however,  will  burn  in 
air  which  contains  only  about  one-quarter  as 
much  oxygen,  and  coal  gas,  which  consists 
largely  of  hydrogen,  will  burn  under  similar 
conditions.  "Gob"  fires  start  in  the  mines 
from  the  heating  of  small  refuse  which  has 
been  neglected.  This  heating  is  caused  entire- 
ly by  the  oxygen  in  the  air  which  the  coal 
slowly  absorbs,  and  when  the  fire  is  once  start- 
ed it  spreads  rapidly  around. 

CHOKE    DAMP. 

Carbonic  acid  in  the  mine  escapes  directly 
from  the  coal  and  its  weight  causes  it  to  settle 


COMPRESSED    AIR. 


4745 


on  the  floor.  It  is  necessary  to  search  for  it 
in  holes  in  the  floor  where  it  is  not  swept  away 
by  the  ventilating  currents.  Carbonic  acid  is 
not  poisonous.  If  you  try  to  breathe  it  un- 
mixed with  air  your  lungs  refuse,  which  gives 
rise  to  the  name   "choke-damp." 

CARBONIC    OXIDE. 

Carbonic  oxide,  sometimes  mistaken  for  car- 
bonic acid,  is  extremely  poisonous,  but  it  is  not 
produced  from  the  coal.  If  an  explosion  of 
fire-damp  takes  place  with  an  insufficient  quan- 
tity of  air,  carbonic  oxide  is  almost  invariably 
produced,  and  when  explorers  go  down  a  small 
portion  absorbed  produces  fatal  results.  Un- 
fortunately it  is  a  gas  not  easily  tested  for  in 
mines,  and  the  only  wise  precaution,  if  there  is 
any  suspicion  of  its  presence,  is  the  protection 
of  a  breathing  apparatus,  which  is  an  absolute 
safeguard  in  this  case.  Blast-powder  and  ni- 
tro-cotton  produce  carbonic  oxide,  but  good 
active   ventilation  clears  it  away  quickly. 

FIRE    DAMP. 

Fire  damp  is  not  a  poisonous  gas ;  one  can- 
not live  in  it  because  of  the  lack  of  oxygen. 
In  some  mines  it  comes  out  from  the  coal  as 
pure  marsh  gas,  but  far  more  generally  it  is 
mixed  with  nitrogen  and  carbonic  acid.  This 
gas  is  not  explosive,  and  only  becomes  so 
when  mixed  with  air  in  certain  proportions. 
It  explodes  with  the  greatest  violence  when 
there  is  10  per  cent,  of  it  in  the  air,  and  the 
range  of  danger  is  between  6  per  cent,  and  16 
per  cent.,  beyond  either  of  which  explosion 
does  not  occur,  while  fire  may.  It  is  always 
necessary  to  detect  the  presence  of  this  gas, 
because  if  it  increase  above  the  6  per  cent, 
explosion  is  possible  at  once.  Lower  mixtures 
also  become  explosive  if  coal  dust  is  present 
in  considerable  volume.  Coal  dust,  indeed,  of 
a  fine  character  and  mixed  with  air  only  can 
carry  an  explosion  to  a  considerable  distance. 

The  above  is  abstracted  from  a  report  of  the 
address  in  The  Iron  and  Coal  Trades  Revieiv. 


THE    AIR     LIFT     FOR     MINE 
PUMPING 

Mr.  Joseph  H.  Hart  contributes  to  a  recent 
issue  of  the  Mining  World  an  interesting  arti- 
cle upon  "The  Pumping  Machinery  Employed 
in  Mining."  After  speaking  of  the  wasteful- 
ness and  other  objectionable  features  of  steam 
pumps  as  employed  in  mines  and  saying  a 
good  word  for  centrifugal  pumps  under  suita- 
ble conditions,  the  writer  proceeds  as  fol- 
lows : 


In  addition  to  the  types  described  above, 
there  are  in  existence  to-day  a  number  of 
pumps  known  technically  as  the  air-lift  sys- 
tem. That  these  pumps  are  not  in  more  gen- 
eral use  in  mining  is  a  matter  of  considerable 
surprise.  In  ordinary  pumping  installations 
where  water  must  be  drawn  from  a  number 
of  different  sources  simultaneously,  the  effi- 
ciency and  availability  of  these  pumps  is  un- 
questioned. The  air-lift  system  of  pumping 
is  based  upon  the  utilization  of  compressed 
air  for  the  conveyance  of  the  water.  It  in- 
volves the  installation  of  an  air  compressor 
and  a  reservoir  therefor.  In  the  majority  of 
mining  operations  compressed  air  is  an  abso- 
lute necessity  for  the  drills,  and  the  presence 
of  an  air  compressor  tends  to  simplify  the 
problem  and  will  further  increase  the  available 
efficiency  in  the  whole  process.  Again,  in  cais- 
son work  compressed  air  is  absolutely  neces- 
sary under  all  circumstances.  Under  condi- 
tions where  air  compressors  must  be  at  hand, 
by  increasing  the  unit  slightly  the  extra  unit 
for  operating  the  air-lift  pump  is  saved.  More- 
over, with  the  installation  of  a  single  large 
operating  unit,  in  preference  to  several  small 
units,  the  saving  benefits  the  entire  plant,  and 
such  an  operating  unit  invariably  becomes 
more  efficient  as  the  cost  per  unit  is  dimin- 
ished per  unit  of  power  capacity  of  the  ma- 
chine. 

Given  an  air  compressor,  the  operation  of 
the  pump  itself  is  extremely  simple.  It  con- 
sists merely  in  sinking  a  well  to  a  slightly 
lower  depth  to  obtain  the  pressure  head  with 
which  to  operate.  A  pipe  is  lowered  from  the 
pump  into  this  well  and  compressed  air  is 
driven  from  it  through  the  pipe  and  rises 
through  the  water  into  another  pipe.  As  it 
rises  in  this  pipe,  the  air  expands,  and  by 
this  action  and  its  upward  motion  the  water 
receives  an  upward  impulse  which  is  sufficient 
to  carry  it  considerably  above  its  former  level. 
In  ordinary  practice  the  height  to  which  water 
can  be  elevated  by  this  process  seldom  exceeds 
one  and  one-half  times  that  to  which  the  water 
falls  in  the  well  without  reversal  occurring. 
If  the  pipe  which  carries  the  air  and  water 
upward  is  tapped  and  more  compressed  air 
injected,  the  process  becomes  continuous,  and 
the  water  can  be  lifted  to  any  height.  This 
latter  procedure  has  seldom,  if  ever,  been  car- 
ried out  in  mines,  and  such  installations  as 
are  in  existence  are  operated  so  as  to  make 
this  method  for  carrying  air  comparatively  in- 
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efficient,  which  limits  the  application  to  the 
distance  mentioned. 

The  air-lift  process  is  much  more  efficient, 
however,  than  the  ordinary  surface  pump.  It 
possesses  all  the  advantages  of  the  ordinary 
single  or  multiple  turbine  pump.  The  power 
comes  from  compressed  air  in  the  production 
of  which  a  fairly  high  efficiency  may  be  main- 
tained, or  at  least  much  greater  than  that  in 
the  operation  of  ordinary  surface  pumps.  Fur- 
ther, the  fact  that  the  air  compressor  is  indis- 
pensable under  any  circumstances  practically 
settles  the  matter.  Turbine  pumps  generally 
require  a  separate  steam  unit  for  their  opera- 
tion or  for  the  production  of  the  electrical 
energy  to  operate  them  with,  and  with  the 
saving  of  separate  units  which  is  involved 
there  is  brought  into  the  problem  the  first  cost 
of  installation  as  well  as  cost  of  maintenance. 

In  action,  this  system  compares  very  favora- 
bly with  the  centrifugal  pump.  In  ordinary 
action,  especially  when  the  service  is  severe, 
enormous  friction  marks  the  centrifugal  type 
of  pumps.  The  advantages  of  the  centrifugal 
pump,  incident  to  the  elimination  of  valves 
and  the  possibility  of  carrying  considerable 
obstructions  and  detritus  with  the  water 
throughout  its  circuit,  is  present  in  the  air-lift 
system  in  its  simple  form.  Many  adaptations 
of  the  latter  type  are  used  for  increased  effi- 
ciency, and  in  many  cases  the  air  is  first  used 
in  some  form  of  cylinder  similar  to  the  ordi- 
nary pump  for  giving  the  water  the  upward 
momentum.  The  exhaust  from  this  cylinder 
is  then  used  to  further  accentuate  the  upward 
velocity  of  the  water.  The  utilization  of  this 
type  is  not  possible  for  the  conveyance  of 
water  carrying  many  impurities  and  solid  par- 
ticles. It  has,  however,  an  increased  efficiency 
as  compared  with  an  ordinary  air-lift  system. 
This  efficiency  is  in  the  pump  proper,  and  its 
best  operation  is  dependent  upon  the  power 
supplied.  Both  of  these  factors  must  be  con- 
sidered separately  as  well  as  in  their  inter- 
relation before  an  adequate  decision  can  be 
rendered  in  regard  to  any  installation. 

With  regard  to  power  production,  the  fact 
that  compressed  air  must  be  used  in  other  de- 
velopments of  mines  is  almost  conclusive  evi- 
dence for  its  utilization  in  this  development. 
Given  a  supply  of  compressed  air,  its  utiliza- 
tion for  pumping  purposes  is  best  accom- 
plished in  the  simplest  and  most  direct  fashion. 


POWER    FOR    THE    SHAVINGS 
EXHAUST   FAN 

It  seems  to  be  a  fact  that  the  simple  princi- 
ples of  pneumatics  involved  in  the  operation 
of  the  exhaust  fan  are  not  exactly  clear  in  the 
minds  of  a  great  majority  of  the  men  who  are 
familiar  with  the  operation  of  this  useful  de- 
vice. It  should  be  clear  from  the  start  that 
the  fan  can  exert  force  only  in  one  direction, 
and  that  one  away  from  itself.  We  speak  of 
the  pull  of  the  fan  as  though  thin  air  could 
be  drawn  or  pulled  like  a  rope,  while  the  fact 
in  the  case  is  that  it  can  only  be  pushed.  Suc- 
tion is  not  the  pulling  of  the  fan  or  of  the 
plunger  in  the  cylinder,  but  the  forcible  shoving 
away  of  the  air  on  the  other  side,  in  order  to 
create  a  partial  vacuum,  into  which  the  air  is  in 
turn  pushed  by  the  atmospheric  pressure  out- 
side. It  is  for  this  reason  that  it  is  impossible 
to  create  any  great  pressure  with  an  exhaust 
fan,  even  if  it  were  possible  for  the  fan  to 
produce  a  perfect  and  continuing  vacuum,  as 
the  outside  pressure  is  something  less  than  15 
pounds  per  square  inch,  depending  upon  alti- 
tude. Reasoning  from  these  known  facts,  it 
will  become  apparent  why  an  exhaust  pipe 
loaded  with  shavings  consumes  more  power 
at  the  fan  than  one  running  empty. 

Let  us  suppose  that  a  fan  is  running  empty. 
and  all  at  once  the  pipe  is  given  a  normal  load 
of  shavings.  The  result  will  be  that  no  extra 
power  will  be  required  until  the  shavings  reach 
the  fan,  but  at  that  instant  the  effect  will  be 
noticeable  in  the  behavior  of  the  belt,  which 
will  show  that  it  is  carrying  a  load  instead  of 
running  idle.  Now  let  us  stuff  the  inlet  to  the 
pipes  with  an  overload  of  refuse,  and  we  shall 
see  the  common  symptoms  of  an  overloaded 
belt ;  it  will  squeak  and  slip,  and  perhaps  slide 
off  the  fan  pulley  and  rub  over  against  the 
castings  of  the  machine,  while  the  fan  will 
slow  down,  and  if  the  cramming  is  continued 
long  enough,  the  pressure  will  fall  below  the 
lifting  capacity  and  the  pipes  will  clog.  Need 
I  go  further  and  explain  that  after  the  refuse 
leaves  the  fan  it  has  to  be  forced  to  the  outlet 
of  the  pipe  and  discharged  in  order  to  make 
way  for  that  which  is  following?  Must  I  say 
that  shavings,  chips  and  sawdust  are  heavier 
than  air,  and  that  it  takes  more  power  to 
drive  them  along  a  pipe  than  it  does  the  empty 
air? 

Just  how  much  more  power  it  takes  to  carry 
the  load  of  an  exhaust  fan  depends,  of  course, 
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upon  the  load ;  and  the  load  depends  not  only 
upon  the  number  and  kinds  of  machines  to  be 
handled,  but  upon  the  kind  of  wood  being 
worked,  the  length  and  direction  of  the  outlet 
and  the  length  and  direction  of  the  inlets. 
No  one  could  say  with  authority  just  how 
much  more  power  it  would  take  to  run  a  load- 
ed fan  than  an  empty  one,  unless  it  would  be 
the  designer  of  the  fan,  and  he  to  prescribe 
the  conditions. — Charles  Cloukey  in  The  Wood 
Worker. 


an  hour,  and  a  charge  of  air  is  sufficient  for 
a  mile  and  return.  The  maximum  pressure  in 
the  storage  tank  is  1,000  pounds  and  a  pres- 
sure reducer  maintains  100  pounds  as  the 
working  pressure.  The  engine  is,  of  course, 
reversible,  although  the  link  motion  is  not 
used,  and  there  are  air  brakes  and  all  the 
necessary  fittings  for  handy  and  safe  opera- 
tion. A  chain  drive  connects  the  engine  shaft 
with  the  axles. 


A  Narrow-Gage  Compressed  Air  Tunnel  Locomotive. 


A  NARROW  GAGE   COMPRESSED 
AIR   LOCOMOTIVE 

The  half-tone  shows  a  locomotive  designed 
by  Mr.  E.  A.  Rix  of  San  Francisco,  who  has 
done  much  to  promote  the  use  of  compressed 
air,  especially  by  novel  and  original  applica- 
tions of  it.  Three  of  these  locomotives  have 
been  made  for  a  tunnel  over  three  miles  long 
which  is  being  built  near  San  Francisco.  The 
tunnel  is  being  driven  from  each  end  and  in 
both  directions  from  a  central  shaft,  thus  pro- 
viding work  for  the  three  locomotives.  The 
gage  of  the  locomotive  is  20-inch  and  its 
weight  about  7,000  pounds.  It  passes  through 
an  opening  34  inches  wide  and  50  inches  high. 
It  will  haul  12  tons  at  a  speed  of  6  or  7  miles 


THE  POLICY  OF  SECRECY 

The  following  is  an  abstract  of  a  portion  of 
a  paper  by  Mr.  James  Douglas  presented  at 
the  meeting  of  the  American  Institute  of  Min- 
ing Engineers : 

Technical  science  has  progressed  of  late 
with  unwonted  speed  through  the  co-operation 
of  many  workers,  and  this  co-operation  has 
been  made  possible  by  the  publication  and  ex- 
change of  ideas  and  experiences  in  the  tech- 
nical and  scientific  journals.  Would  not  our 
progress  be  even  more  rapid  and  thorough  if 
all  barriers  of  secrecy  were  broken  down,  and 
every  encouragement  were  given  to  our  tech- 
nical   workers    to    describe,    in    print    and    by 
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conference,  their  notions  and  their  actual  ex- 
periments? 

We  know  that  very  few  technical  papers 
issue  from  certain  establishments ;  that  on 
their  officials  silence  is  imposed ;  and  that  to 
these  works  inquisitive  visitors  are  politely 
but  peremptorily  refused  admission.  There 
are  not  many  such,  but  some  of  them  are  and 
have  been  very  successful.  But  suppose  that 
in  imitation  of  their  practice  and  regulations 
all  were  tempted  to  adopt  it,  what  a  sudden 
paralysis  of  industry  would  follow  !  Our  sec- 
retaries would  find  it  difficult  to  fill  even  their 
shrunken  volumes  of  transactions  with  papers 
worth  printing ;  our  students  would  have  to 
content  themselves  with  the  antiquated  learn- 
ing which  their  professors  could  supply.  Ev- 
ery manufacturer  and  smelter  would  be 
obliged  to  bribe  his  neighbor's  workmen  and 
tempt  away  his  neighbor's  superintendents  for 
information.  Before  long,  the  very  works 
which  now  find  it  so  profitable,  or  who  think 
they  do,  to  tap  their  friend's  stock  of  knowl- 
edge and  experience,  and  give  nothing  in  re- 
turn, would  be  driven  in  upon  their  own 
resources,  and  would  undoubtedly  then  find 
them  not  so  complete  as  they  imagine. 

The  spirit  of  intellectual  freedom  in  our 
professions  is  too  strong  and  too  widespread 
to  submit  to  such  a  tyranny,  and  before  such 
darkness  of  ignorance  had  settled  down  to  our 
great  industries,  the  most  pronounced  advo- 
cates of  secrecy  would  feel  and  acknowledge 
the  idtimate  consequences  of  concealment. 
They  may  have  secrets  as  valuable  as  Sir 
Henry's  method  of  making  plate  glass  and 
bronze  powder,  which  it  may  pay  them  to  con- 
ceal from  their  competitors,  so  long  as  they 
are  admitted  freely  to  their  competitors  open 
shops ;  but  even  this  is  doubtful.  For  the 
spirit  of  secrecy  is  intimately  allied  with  the 
spirit  of  suspicion  and  distrust ;  and  the  mind 
which  is  always  suspecting  is  closed  tight 
against  the  admission  of  fresh  and  fair  im- 
pressions.    Progress,  therefore,  ceases. 

The  iron  and  steel  works  of  Europe  have 
not  kept  pace  with  ours  in  size  and  produc- 
tion, but  the  iron-masters  of  Great  Britain 
and  Germany,  in  coke-making  and  in  blast- 
furnace economies  and  in  steel-making  proc- 
esses, have  been  our  teachers.  Xor  have  they 
been  shy  of  communicating  their  improve- 
ments, or,  through  jealousy  of  our  success, 
slow  in  adopting  ours.  No  nobler  monument 
of  international  comity  in  thought  and  experi- 


ence exists  than  the  seventy  volumes  of  the 
Proceedings  of  the  Iron  and  Steel  Institute. 
And  with  few  exceptions  the  iron  and  steel 
works  of  England,  Scotland,  Germany  and 
France  are  open  to  any  accredited  worker  in 
the  same  domain. 

Vet  before  England  was  conspicuous  as  a 
maker  of  iron,  she  was  famous  the  world  over 
for  her  copper  and  tin  production.  But,  be- 
tween self-conceit  and  the  inbred  habits  of 
trade-secrecy,  her  copper-smelting  industry 
has  fallen  from  its  high  estate.  And  it  is  not 
accidental,  but  linked  as  closely  as  any  effect 
with  its  cause,  that  this  decline  is  in  great 
part  the  result  of  habits  of  secrecy  which  grew 
with  the  growth  of  age.  At  Swansea,  every 
gate  to  the  smelting  works  is  guarded,  and  as 
a  result  it  has  been  as  difficult  for  thought  to 
escape  out  as  for  suggestions  to  find  their  way 
in.  Swansea  should  still  enjoy  the  leadership 
which  her  skilled  labor,  splendid  coal,  and 
commanding  maritime  situation  put  within  her 
reach  ;  but  she  has  preferred  to  gloat  over  her 
secrets  behind  closed  doors  rather  than  go 
out  into  the  world  in  search  of  new  business 
as  well  as  technical  methods,  while  also  in- 
viting the  world  to  enter  and  exchange  ideas 
with  her.  What  is  the  consequence?  New 
Zealand  copper  comes  to  the  United  States  to 
be  refined,  notwithstanding  that  the  first  prac- 
tical application  of  electrolysis  to  metals  was 
made  by  Elkinton  in  England,  and  the  Vivians 
adopted  the  Manhes  method  before  Farrel 
introduced  it  into  this  country.  In  scientific 
and  technical  matters,  the  banishment  of  de- 
ceit, mystery  and  jealousy  and  the  freest  ad- 
mission of  daylight  by  means  of  the  unre- 
served diffusion  of  information  through  the 
press  and  personal  intercourse,  will  instil  into 
the  whole  body  of  workers  a  feeling  of  heal- 
thy rivalry,  which,  while  stimulating  their 
mental  activity,  will  correspondingly  benefit 
the  financial   interests  of  their  employers. 


AIR  REQUIRED  FOR  VENTI- 
LATION 

Under  the  general  conditons  of  outdoor  air, 
namely  70  degrees  temperature  and  70  per  cent, 
of  complete  saturation,  an  average  adult  man, 
when  sitting  at  rest  in  an  audience,  makes  16 
respirations  per  minute  of  30  cubic  inches 
each,  or  480  cubic  inches  per  minute.  With  70 
degrees  temperature  and  70  per  cent,  humid- 
ity, the  air  thus  inhaled  will  consist  of  about 
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one-fifth  oxygen  and  four-fifths  nitrogen,  to- 
gether with  about  one-seventh  of  10  per  cent, 
of  aqueous  vapor,  and  four  one-hundredths  of 
a  per  cent,  of  carbonic  acid.  By  the  process 
of  respiration  the  air  will,  when  exhaled,  be 
found  to  have  lost  about  one-fifth  of  its  oxy- 
gen by  the  formation  of  carbonic  acid,  which 
will  have  increased  about  one  hundred  fold, 
thus  forming  about  4  per  cent.,  while  the 
water  vapor  will  form  about  5  per  cent,  of  the 
volume.  In  addition,  the  exhaled  air  will  have 
warmed  from  70  degrees  to  90  degrees,  and, 
notwithstanding  the  increased  proportion  of 
carbonic  acid — which  is  about  one  and  one- 
half  times  heavier  than  air — will,  owing  to  the 
increase  of  temperature  and  the  levity  of  the 
water  vapor,  be  about  3  per  cent,  lighter  than 
when  inhaled.  Thus  it  will  be  seen  that  this 
vitiated  air  will  not  fall  to  the  ground,  as  has 
often  been  presumed,  but  will  naturally  rise 
above  the  level  of  the  breathing  line,  and  the 
carbonic  acid  will  immediately  diffuse  itself 
into  the  surrounding  air.  In  addition  to  the 
carbonic  acid  exhaled  in  the   process  of  res- 


floor  as  a  separate  gas,  but  is  intimately  mixed 
with  the  air,  and  equally  distributed  through- 
out the  apartment. 

It  must,  then,  be  evident  that  ventilation  is 
in  effect  but  the  process  of  dilution  and  that 
when  the  vitiation  to  be  maintained  in  the 
apartments  is  decided,  the  necessary  constant 
supply  of  fresh  air  to  maintain  this  standard 
may  be  very  easily  determined.  For  the  pur- 
pose of  calculation,  0.6  cubic  feet  per  hour  is 
accepted  as  the  average  production  of  car- 
bonic acid  by  an  adult  at  rest,  and  the  propor- 
tion of  this  gas  in  the  external  air  is  as  four 
parts  in  10,000.  If,  therefore,  the  degree  of 
vitiation  of  the  occupied  room  be  maintained, 
say  at  0.6  parts  in  10,000,  there  will  be  per- 
missible an  increment  of  only  2  parts  in  10,000 
above  that  of  the  normal  carbonic  acid  in  each 
cubic  foot  of  air.  The  0.6  cubic  feet  of  car- 
bonic acid  produced  per  hour  by  a  single  in- 
dividual will,  therefore,  require  for  its  dilu- 
tion to  this  degree  0.6  divided  by  .0002,  equals 
3,000  cubic  feet  of  air  per  hour.  Upon  this 
basis  the  following  table  has  been  calculated : 


Cu.  ft.  of  Air  containing  4  parts  of  carbonic  acid  in  10,000  supplied  per  person. 


Per  Hour 


6000     4000     3000     2400     2000     1800     1 714     1500     1200     1000     525     375     231 


Per  Min.       .      .         100     66.6        50        40     33. 3        30     28.6        25        20     16.6     9.1     6.2     3.8 
Degree  of  vitiation  of  the  air  in  the  room.     (Parts  of  carbonic  acid  in  10,000.): 

5       5-5  6       6.5  7     7.33      7.5  8  9        10       15      20      30 


piration,  a  small  amount  is  given  off  by  the 
skin.  Furthermore,  one  and  one-half  to  two 
and  one-half  pounds  of  water  are  evaporated 
daily  from  the  surface  of  the  skin  of  a  person 
in  still  life.  If  the  air  supply  at  70  degrees 
is  assumed  to  have  a  humidity  of  70  per  cent, 
and  to  be  saturated  when  it  leaves  the  body 
at  a  higher  temperature,  then  at  least  four 
cubic  feet  of  air  per  minute  will  be  required  to 
carry  away  this  vapor. 

Taking  into  consideration  these  various  fact- 
ors, it  becomes  evident  that  at  least  four  and 
one-half  cubic  feet  of  fresh  air  will  be  re- 
quired per  minute  for  respiration,  and  for  the 
absorption  of  moisture  and  dilution  of  carbonic 
acid  gas  from  the  skin.  This,  however,  is  only 
on  the  assumption  that  any  given  quantity  of 
fresh  air,  having  fulfilled  its  office,  is  imme- 
diately removed  without  contamination  of  the 
surrounding  atmosphere ;  but  this  condition  is 
impossible,  for  the  spent  air  from  the  lungs, 
containing  about  400  parts  of  carbonic  acid  gas 
in  10,000,  is  immediately  diffused  in  the  atmo- 
sphere.   The  carbonic  acid  does  not  fall  to  the 


The  figures  indicate  absolute  relations  un- 
der the  stated  conditions,  and  are  generally 
applicable  to  the  ventilation  of  schools, 
churches,  halls  of  audience  and  the  like,  where 
the  occupants  are  reasonably  healthy  and  re- 
main at  rest. — Ventilation  and  Heating  by  B.  F. 
Sturtevant  Co. 


OXYGEN  FOR  CUTTING  METALS 

The  cheapness  with  which  oxygen  is  now 
procurable  and  its  portability  and  convenience 
of  handling  is  leading  to  its  being  more  and 
more  thought  of  in  the  planning  of  industrial 
economies  and  to  its  actual  and  profitable  em- 
ployment for  many  purposes.  M.  Leon,  in 
Genie  Civil,  describes  an  important  application 
of  oxygen  to  the  cutting  of  metals  as  practiced 
in  France. 

At  the  Say  refineries  a  jet  of  oxygen  was 
employed  some  six  or  seven  years  ago,  not  for 
actual  cutting,  but  for  breaking  down  old 
pipes  and  I  beams.  The  metal  was  first  heat- 
ed to  the  temperature  of  fusion  by  a  blowpipe 
and  then,  discontinuing  the  application  of  the 
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heating  gas,  a  stream  of  pure  oxygen  was 
later  applied  to  the  heated  metal.  The  opera- 
tion was  in  two  parts,  first  the  heating  of  the 
metal  and  later  burning  it  away.  It  was  pos- 
sible in  this  way  to  break  up  the  metal  into 
different  parts,  but  the  operation  produced  a 
very  large  and  heavy  cut  with  many  blisters, 
and  it  was  found  impossible  to  secure  a  clean 
separation  by  this  method.  It  has  been  suc- 
cessfully applied,  however,  to  breaking  down 
metallic  connections  in  blast  furnaces. 

The  method  as  at  present  developed  is  a 
great  improvement  on  the  old.  The  apparatus 
consists  of  two  blowpipes  which  operate  sim- 
ultaneously ;  the  first,  an  ordinary  oxy-hydro- 
gen  or  oxy-acetylene  blowpipe,  heats  the  metal 
to  the  desired  temperature  ;  the  other,  attached 
to  the  first  and  following  it  at  a  distance  of 
a  few  millimeters  (an  inch  or  two),  projects 
upon  the  heated  metal  which  is  heated  by  the 
first  blowpipe,  burns  under  the  influence  of  the 
oxygen ;  there  is  formed  an  oxide  more  fusi- 
ble than  the  metal  itself,  which  is  driven  for- 
ward by  the  strength  of  the  oxygen  jet.  The 
resulting  cut  is  extremely  clean,  with  no  ap- 
pearance  of  blistering. 

In  view  of  the  numerous  applications  which 
may  be  made  of  the  method,  a  number  of  dif- 
ferent devices  have  been  developed  for  vari- 
ous kinds  of  work.  Cutting  along  a  straight 
line,  as  for  steel  sheets,  armor  plate,  etc.,  is 
accomplished  by  the  use  of  a  traveling  car- 
riage, carrying  the  blowpipe,  which  is  driven 
by  an  endless  screw.  In  this  apparatus  also 
the  blowpipe  is  mounted  on  a  swinging  arm 
which  permits  it  to  trace  out  arcs  of  circles. 
Several  of  these  devices  are  used  for  cutting 
armor  plate  at  the  French  arsenals  and  navy 
yards. 

A  rolling  device,  consisting  of  a  blowpipe 
mounted  on  a  crosshead  carrying  an  adjustable 
roller  at  each  end,  may  be  used  for  making 
either  straight  or  beveled  cuts.  This  apparatus 
is  also  provided  with  a  swinging  arm  for  the 
cutting  of  circles  or  spirals.  The  device  is 
largely  used  by  the  Chemin  de  fer  du  Nord 
for  cutting  T  rails. 

For  cutting  pipes,  the  blowpipe  is  mounted 
on  an  annular  ring  which  is  clamped  to  the 
pipe  and  around  which  the  blowpipe  revolves. 
By  means  of  this  device  pipes  up  to  300  mm. 
(12  inches)  in  diameter  may  be  cut  in  place. 
A  universal  portable  apparatus  is  so  arranged 
as  to  admit  of  cutting  out  any  desired  section, 
the  blowpipe  being  guided  by  cams  of  special 


shapes.  Other  devices  may  be  applied  to  cut- 
ting circular  openings  of  30  to  350  mm.  (1% 
to  14  inches)  diameter  in  plates  of  any  thick- 
ness, to  cutting  shafts  up  to  130  mm.  (5 
inches)  diameter,  and  lastly  for  cutting  open- 
ings of  any  radius  in  steel  pipes  for  the  pur- 
pose of  making  elbows,  the  bevel  being  cut 
in  the  end  of  the  other  pipe  by  the  same  ma- 
chine. For  the  preparation  of  two  pipes  of 
150  mm.  (6  inches)  diameter  in  this  way  the 
time  taken  was  four  to  five  minutes,  a  great 
improvement  on  the  30  to  40  minutes  required 
by  other  methods. 

To  cut  a  manhole  300  by  400  mm.  (12x16 
inches)  in  a  plate  20  to  30  mm.  (^  to  1% 
inches)  thick  takes  from  four  to  five  minutes. 
A  pipe  fitting,  150  by  150  mm.  (6x6  inches), 
in  a  pipe  5  mm.  (3-16  inch)  thick,  takes  three 
to  four  minutes  and  costs  12  to  15  centimes 
(2.3  to  2.9  cents),  while  the  same  operation 
could  not  be  performed  by  hand  in  less  than 
35  to  40  minutes. 

In  one  case  a  steel  stairway  was  cut  through 
in  a  quarter  of  an  hour.  A  w6rkman  cut 
through  130  T  irons,  200  mm.  (7^4  inches) 
high,  imbedded  in  cement,  in  three  hours.  The 
system  has  been  largely  used  in  the  French 
navy  yards  for  the  breaking  up  of  ships  and 
has  been  found  very  satisfactory  in  many  ap- 
plications. It  is  particularly  useful  in  derivet- 
ing  plates ;  the  head  of  a  rivet  can  be  burned 
off  in  less  than  12  seconds  without  injuring 
the  plate  itself. 

The  maximum  thickness  which  has  been  cut 
by  this  method  up  to  the  present  is  210  mm. 
(8  inches)  in  armor  plate,  but  a  thickness  of 
300  mm.  (12  inches)  has  been  attained  in 
round  shafts.  A  number  of  tests  have  been 
made  to  determine  whether  the  cutting  by  this 
method  has  any  effect  on  the  physical  prop- 
erties of  the  metals.  Under  the  microscope 
the  steel  appeared  quite  unchanged,  and  other 
tests  by  shock,  etc.,  showed  its  strength  to  be 
absolutely  unimpaired.  On  this  account  and 
considering  the  cheapness  and  rapidity  of  the 
process,  there  are  prospects  for  a  wide  and 
growing  use  of  the  svstem  in  the  near  future. 


The  Lily-Jellico  Coal  Company,  Lily,  Ky., 
has  600  acres  of  coal  seam  4  feet  thick,  with 
10  feet  of  earth  over  it.  The  earth  is  to  be 
removed  by  shovels  when  all  of  the  coal  will 
be  recovered.  When  operations  are  under 
way  the  excavation  will  provide  its  own  dump- 
ing ground. 
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A   SPECIAL    PNEUMATIC    DOLLY 

The  sketch  of  the  pneumatic  dolly  here 
shown  was  sent  to  Machinery  by  Mr.  M.  H. 
Westbrook  of  Port  Huron,  Mich.  It  is  used 
for  "holding  on"  while  riveting  bolt  joint  rings 
on  the  ends  of  locomotive  dry  pipes.  The  de- 
vice is  not  altogether  new,  but  many  shops 
should  be  glad  to  adopt  it  and  this  full  dimen- 
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A  Spiral  Pneumatic  Dolly. 

sioned  sketch  will  be  welcomed.  The 
cylinder  A  has  a  head  C  screwed  into  it,  this 
head  being  reduced  in  diameter  and  cupped  to 
fit  the  head  of  the  rivet.  The  plunger  B  is 
pocked  with  a  cup  leather  as  shown,  the  outer 
end  also  being  cupped  for  a  rivet  head  and 
also  rounded  so  that  it  may  bear  between  the 
heads  of  rivets  when  that  will  give  the  more 
correct  position.  Compressed  air  is  admitted 
or  discharged  by  the  pipe  D.  The  lower  figure 
shows  the  dolly  in  use  with  a  new  rivet  in  po- 
sition. The  air  forces  the  plunger  B  against 
the  wall  of  the  pipe  or  head  of  a  rivet  oppo- 
site, holding  the  rivet  tightly  in  place,  the 
operation  of  riveting  closing  the  joint  com- 
pletely. 


THE    COOMETER,    FOR     ANALY- 
ZING BOILER  FURNACE  GASES 

This  is  an  automatic  apparatus  for  the  boiler 
room  patented  in  England  by  Schlatter  & 
Deutsch.  The  cut  is  taken  and  the  descrip- 
tion here  given  is  adapted  from  the  Iron  Age. 
Like  a  pressure  gage,  it  can  be  mounted  in  a 
convenient  position  where  the  stoker  can  watch 
its  indications  and  be  guided  in  his  firing. 
Since  it  makes  four  records  a  minute,  an  al- 
most instant  and  practically  continuous  knowl- 
edge may  be  had  of  the  condition  of  the  fire. 


A  steam  motor  for  continuously  rotating 
the  shaft  K  is  an  essential  part  of  the  ap- 
paratus. A  connection  is  made  at  Z  with  a 
small  pipe  from  a  point  where  a  fair  sample 
of  gas  may  be  withdrawn,  and  the  gas,  after 
passing  through  a  filter,  is  introduced  at  con- 
stant pressure  when  the  valve  G  is  opened. 
This  valve  is  operated  by  the  crank  I  on  the 
shaft  K  and  is  opened  while  the  piston  D  is 
making  its  upstroke.  Before  the  latter  be- 
gins its  down  stroke  the  valve  G  is  closed 
and  the  valve  H  is  opened  by  the  crank  II. 
The  gas,  which  has  been  drawn  into  the  cham- 
ber L,  is  then  forced  out  through  the  tube  M 
and  disperser  B  into  the  bell  C.     This  bell  is 


Section  of  Coometer. 

in  communication  with  the  vessel  A,  contain- 
ing a  solution  which  absorbs  carbon  dioxide. 
The  measured  quantity  of  gas,  as  determined 
by  the  volume  of  the  chamber  L,  is  reduced 
according  to  the  content  of  CO-,  and  the  re- 
mainder of  the  gas,  rising  as  tiny  bubbles  to 
the  top  of  the  bell  C,  displaces  its  volume  of 
the  liquid  into  the  chamber  F,  raising  the  pis- 
ton E.  At  this  instant  the  crank  IV  releases 
the  brake  S,  allowing  the  rack  R  to  descend 
until  it  touches  the  rod  T.  The  amount  that 
R  descends  is  proportional  to  the  volume  of 
CO2  absorbed,  and  the  pointer,  which  is  ro- 
tated through  the  pinion  X  by  the  rack,  plays 
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over  a  scale  calibrated  to  read  directly  in  per 
cent,  of  C02.  At  the  lowest  position  of  the 
piston  D  and  the  highest  position  of  the  piston 
E.  respectively,  the  crank  disk  IV  again 
tightens  the  brake  S  against  the  disk  X.  re- 
storing the  pointer  to  zero  and  holding  the 
rack  R  while  the  discharge  valve  J  is  opened 
by  the  crank  III.  allowing  the  gas  collected 
in  the  bell  C  to  be  exhausted  by  the  weight 
of  the  piston  E,  and  another  charge  is  drawn 
into  the  chamber  L  and  analyzed  as  before. 
In  addition  to  the  indication  afforded  by  the 
dial  a  permanent  record  is  made  on  a  drum 
by  perforations  on  a  continuous  strip  chart 
which  is  moved  by  clockwork.  The  point 
records  made  on  this  chart  are  regulated  in 
height  by  the  travel  of  the  rack  R.  and  the 
fluctuations  of  the  curve  traced  show  how 
well  the  firing  has  been  performed.  As  a  mat- 
ter of  course,  special  care  is  taken  that  the 
materials  employed  for  all  parts  shall  not  be 
corroded  or  attacked  by  the  gases  or  liquids, 
and  that  the  cylinder  F  shall  always  contain 
a  neutral  solution  and  not  an   alkali. 

With  certain  modifications,  it  is  stated  that 
the  coometer  can  be  used  for  registering  the 
analyses  of  other  kinds  of  gases,  such  as  those 
in  gas  engines,  gas  generators,  gas  stokers 
of  any  kind,  and  still  further  applications  are 
possible  in  chemical,  ceramic,  sugar  and  other 
industries. 


DRYING  AIR  FOR  THE  BLAST 
FURNACE 

The  following  we  take  from  an  address  by 
James  Scott  before  the  Pittsburg  Foundry- 
men's   Association  : 

To-day  ore  is  being  got  from  the  Lake  Su- 
perior regions  carrying  13  to  14  per  cent,  water 
and  less  than  50  per  cent,  of  iron  ;  and  it  is 
taking  two  tons  of  ore  to  make  one  ton  of 
iron  in  many  of  the  furnaces  of  the  Pittsburg 
district.  Some  of  them  require  even  more 
than  two  tons  of  ore  to  the  ton  of  iron.  In 
other  words,  for  every  ton  of  iron  of  2,240 
pounds  made,  two  tons  of  ore  are  consumed, 
and  therefore  that  much  more  gangue.  You 
get  that  much  irregularity  in  your  blast  fur- 
nace. Therefore  we  must  use  more  coke  to 
consume  that  gangue — we  must  use  more  lime- 
stone, and  limestone  is  the  must  refractory 
material  put  into  the  blast  furnace. 

Coke  to-day  is  not  as  good  as  it  used  to  be. 
It  is  very  much  higher  in   sulphur,  and  much 


higher  in  ash,  and  therefore  more  of  it  is  re- 
quired. And  the  more  we  use  the  more  sul- 
phur we  get,  coke  giving  us  the  greatest 
amount  of  sulphur  we  get  from  any  material 
in  the  blast  furnace.  Also  the  larger  the  vol- 
ume of  coke  the  greater  the  variation  is  going 
to  be  in  pig-iron.  It  will  be  harder  for  the 
furnacemen  to  get  a  uniform  product. 

In  our  American  climate  everyone  knows 
the  benefit  of  dry  air.  The  blast  furnace  loses 
energy.  What  is  the  reason?  Simply  because 
you  are  pumping  water  into  it,  and  where 
there  is  appreciable  water  in  the  furnace  it 
will  lower  your  silicon  and  raise  your  sulphur 
as  well  as  change  your  graphite  carbon  into 
combined  carbon.  It  makes  poor  iron.  We 
want  to  overcome  that,  but  water  is  one  of  the 
elements  you  cannot  decompose  unless  at  the 
expense  of  silicon.  In  order  to  realize  the 
decomposition  that  must  take  place  inside  of 
the  blast  furnace  when  you  are  pumping  air 
saturated  with  water — last  year  in  the  month 
of  August,  and  at  the  beginning  of  September, 
we  pumped  as  high  as  11  grains  of  water  to 
the  cubic  foot.  When  you  know  that  a  great 
many  of  the  modern  furnaces  to-day  are 
pumping  as  high  as  55,000  cubic  feet  of  air  a 
minute  and  11  grains  of  water  to  the  cubic 
foot,  you  can  figure  that  there  are  20  to  40 
tons  of  water  per  day  pumped  in.  That  water 
pumped  into  the  blast  furnace  must  be  decom- 
posed.  How?  By  the  carbon  there.  If  we 
pump  that  water  in.  we  are  robbing  our  fur- 
nace of  heat.  If  we  did  not  rob  the  furnace 
of  heat  by  the  pumping  in  of  water,  we  would 
have  that  much  more  fuel  to  reduce  the  oxide 
of  iron  from  which  we  get  the  pig-iron. 

We  take  the  air  and  dry  it — we  freeze  the 
water  out  of  the  air.  From  eight  grains  on 
tlie  average  for  nine  months  in  the  year — six 
grains  per  cubic  foot  in  the  winter  time  and 
just  as  variable  in  the  summer  months — we 
have  on  very  cold  nights  taken  the  moisture 
down  to  less  than  one-half  a  grain  to  the 
cubic  foot.  In  daytime  as  the  temperature 
rises   the   moisture   rises. 

The  first  great  benefit  of  the  dry  air — refrig- 
erated air — is  that  there  is  no  variation.  We 
maintain  the  air  uniformly  at  one  and  one-half 
grains  to  the  cubic  foot.  We  do  not  pump  the 
large  amount  of  water  into  our  furnace,  and 
therefore  we  do  not  require  so  much  coke. 
And  if  we  do  not  have  to  put  so  much  coke 
in  we  do  not  have  to  take  care  of  the  sulphur 
in  that  extra  amount  of  coke.     Further,  we  do 
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not  have  to  put  in  so  much  limestone  to  take 
care  of  the  sulphur ;  so  that  we  not  only  have 
the  great  advantage  of  uniformity  from  dry 
air,  but  less  trouble  from  sulphur.  This  is 
more  important  when  you  consider  that  all 
cokes  that  we  have  to  use  to-day  are  almost 
33  per  cent,  higher  in  sulphur  than  they  were 
ten  years  ago. 

If  we  eliminate  the  moisture  in  the  atmos- 
pheric air  we  can  reduce  15  per  cent,  more 
iron  ore,  and  often  18  per  cent. ;  and  if  we 
have  what  we  call  a  favorable  mixture  on.  I 
have  seen  as  high  as  20  per  cent.  But  15  per 
cent,  can  be  guaranteed. 
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FOR  THAWING  DYNAMITE 

The  sketch,  from  Engineering-Contracting, 
shows  an  arrangement  for  thawing  dynamite 
as  used  by  the  Tanana  Railroad  Construction 
Company,  building  the  x-Maska  Central  Rail- 
way. There  are  two  small  houses  about  20 
feet  apart  and  connected  by  the  air  boxes  at 
top  and  bottom,  as  shown.  The  dynamite  is 
placed  in  the  house  at  the  right  and  there  is 
a  stove  in  the  house  at  the  left.  The  air  be- 
ing perfectly  free  to  move  naturally,  flows' 
in  the  direction  indicated  by  the  arrows,  and 
the  desired  temperature  is  obtained  in  the 
dynamite  house  without  suddenness  of  change 
and  without  excess  of  heat. 


SUCCESS  OF  THE  GAYLEY  DRY 
BLAST 

The  Warwick  furnace  Xo.  2.  at  Pottstown, 
Pa.,  has  been  equipped  for  running  with  dried 
blast  by  the  Gayley  system  with  highly  satis- 
factory results.  There  has  been  an  increase  of 
5  per  cent,  in  the  output  and  a  decrease  of  11.7 
per  cent,  in  the  coke  consumption  per  ton  of 
iron  and  some  incidental  gains  of  importance 
have  also  developed.  The  furnace  was  about 
to  be  blown  out  at  the  end  of  August,  but 
since  the  dry  blast  installation  had  then  been 
finished  it  was  hoped  that  the  new  method 
would  prolong  the  life  of  the  furnace  for  a 
time  sufficient  to  finish  certain  urgent  con- 
tracts for  basic  iron.  This  proved  true,  and  it 
is   estimated  that  the  life  of  a   lining   is   pro- 


longed 32  per  cent,  by  the  dry  blast  method. 
Moreover,  it  was  found  that  an  unexpectedly 
high  increase  in  percentage  of  the  desired 
grade  of  metal  was  obtainable. 


A  NEW  ROCK  DRILL  BIT 

The  bit  here  shown,  the  cut  adapted  from 
the  Mining  Journal  (London),  is  the  inven- 
tion of  Mr.  William  Charles  Stephens  (R. 
Stephens  &  Sons).  Mr.  Stephens  introduced 
the  now  indispensable  hollow  drill  bit.  With 
the  single  chisel  bit  the  hole  not  only  takes 
away  a  small  portion  of  the  cutting  edge  but 
also  has  a  tendency  to  elongate  after  forging 
or  become  more  or  less  oval,  thus  taking  away 
still  more  of  the  chisel  edge.  The  improved  bit 
here  shown  is  called  the  double  parallel  edge 
chisel   bit.     With    the   old   bit   the   hole   came 


Double    chisel  b»+. 


Sm^leedi^e  chisel  biT. 

through  the  cutting  edge  of  an  inverted  A. 
With  this  new  bit  the  apex  of  the  inverted  A 
is  cut  V-wise,  so  that  the  hole  is  not  only  pro- 
tected but  is  unaffected  by  the  forging,  no 
matter  how  often  repeated. 

The  double  cutting  edge  to  the  chisel  bit 
confers  more  advantage  than  at  first  appears. 
It  can  be  forged,  it  is  claimed,  in  about  a  min- 
ute and  a  half  as  against  twenty  minutes  to 
make  an  X  bit  by  hand.  Further,  the  old  type 
chisel  bit  occasionally  produced  a  three-sided, 
and  the  cross  or  X  bit  a  five  sided  hole,  while 
the  double-edge  chisel  bit,  no  matter  at  what 
angle,  always  gives  a  perfectly  round  hole 
from  start  to  finish  and  in  any  kind  of  rock. 
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A    THOUSAND     TONS     OF     COAL 

AND    A    HUNDRED    MILLION 

GALLONS  OF  WATER  A 

DAY 

The  records  of  the  great  Cunard  Atlantic 
liners,  the  Lusitania  and  her  so-called  sister, 
the  Mauretania,  are  watched  with  augmented 
interest  as  time  passes.  It  is  not  denied  that 
the  coal  consumption  is  about  1,000  tons  every 
twenty-four  hours.  It  may  be  a  little  less  or 
a  little  more.  The  bunkers  hold  7,000  tons. 
How  much  remains  in  them  at  the  end  of  each 
trip  is  only  known  by  a  select  few.  We  take 
it  for  granted,  however,  that  each  ship  burns 
1,000  tons  of  coal  every  twenty-four  hours — 
that  is  to  say,  the  contents  of  the  trucks  of 
two  50-car  coal  trains,  one  train  for  the  day 
and  the  other  for  the  night.  As  there  are 
twenty-five  boilers,  each  boiler  must  take  20 
tons  per  day  and  the  same  every  night. 

It  may  be  assumed  that,  the  boilers  being 
Howdenised  and  the  coal  good,  each  pound  of 
coal  will  make  9  pounds  of  steam ;  that  is  to 
say,  no  less  than  9,000  tons  of  steam  are  made 
every  twenty-four  hours,  or,  neglecting  frac- 
tions, 375  tons  of  steam  pass  per  hour  through 
the  engines.  As  the  pressure  is  about  200 
pounds  absolute,  each  pound  of  steam  will  oc- 
cupy about  2  cubic  feet,  which  means  that 
1,680,000  cubic  feet  of  steam  pass  through  the 
engines  every  hour. 

These  are  large  quantities,  but  they  shrink 
when  compared  with  the  flow  of  water  through 
the  condensers.  That  will  be  about  fifty  times 
the  weight  of  the  feed-water,  or  50X9,000= 
450,000  tons  per  twenty-four  hours,  or  312  tons 
of  water  every  minute,  or  100,800,000  gallons 
per  day.  To  realize  what  this  means,  it  will 
suffice,  perhaps,  to  say  that  the  quantity  would 
represent  the  water  supply  at  35  gallons  per 
head  per  day  of  a  city  with  nearly  three  mil- 
lion inhabitants,  or  almost  enough  for  the  city 
of  Paris. 

Turning  to  the  furnaces,  we  have  equally  as- 
tounding figures.  Allowing  20  pounds  of  air 
per  pound  of  coal,  we  have  20,000  tons  of  air 
passing  through  the  grate  bars  every  day. 
Taking  the  temperature  of  the  supply  at  100 
degrees,  we  have  14  cubic  feet  of  air  to  the 
pound,  so  that  26,100,000  cubic  feet  of  air  enter 
the  furnaces  every  hour.  A  pipe  10  feet  square 
would  pass  this  quantity  if  the  speed  were  that 
of  a  great  gale — 50  miles  an  hour. — The  En- 
gineer, London. 


OXYGEN  REQUIRED  FOR 
BREATHING 

The  amount  of  oxygen  required  varies  enor- 
mously with  the  degree  of  bodily  activity,  and, 
to  a  lesser  extent,  with  the  individual  con- 
cerned. A  man  at  rest  uses  about  0.3  litre 
(18  cu.  in.)  per  minute,  while  severe  exertion 
raises  the  consumption  to  2  litres  (122  cu.  in.) 
per  minute ;  a  degree  of  activity  corresponding 
to  walking  three  miles  per  hour  requires  rath- 
er more  than  1  litre  (61  cu.  in.)  per  minute. 

The  volume  of  air  breathed  cannot  be  in- 
definitely increased,  and  the  breathing  of  air 
which  is  deficient  in  oxygen  is  an  imperfect 
stimulus  to  deeper  or  more  frequent  respira- 
tion. It  is,  therefore,  necessary  that  the  per- 
centage of  oxygen  in  the  air  breathed  should 
be  maintained  as  well  as  the  total  quantity 
available  for  use.  It  is  undesirable  that  the 
percentage  of  oxygen  in  the  air  breathed 
should  fall  much  below  that  in  outside  air  (21 
per  cent.),  and  it  is  definitely  dangerous  to 
breathe  a  mixture  containing  as  little  as  10 
per  cent,  oxygen,  especially  while  doing  mus- 
cular work.  There  is  no  considerable  physio- 
logical advantage  in  increasing  the  percentage 
of  oxygen  in  the  mixture  breathed  beyond  20 
per  cent. 

The  symptoms  resulting  from  breathing  air 
deficient  in  oxygen  are  insidious  and  indefinite. 
The  first  obvious  symptom,  however,  especially 
in  persons  not  particularly  directing  their  at- 
tention to  the  matter,  may  be  sudden  loss  of 
consciousness.  It  is,  therefore,  absolutely  nec- 
essary that  some  definite  warning  of  the  fail- 
ure of  oxygen,  not  dependent  on  personal  vig- 
ilance or  sensations  of  giddiness  or  the  like, 
should  be  given  to  the  wearer  of  a  rescue  ap- 
paratus before  the  percentage  of  oxygen  has 
fallen  to  a  dangerous  limit. 

The  physiological  effects  of  breathing  air 
containing  an  excess  of  carbonic  acid  are  usu- 
ally obvious.  Air  containing  5  per  cent,  causes 
definite  panting,  which  at  6  or  7  per  cent,  be- 
comes distress ;  even  4  per  cent,  produces  un- 
pleasant increase  in  respiration  (hyperpncea), 
and  greatly  reduces  the  capacity  of  doing  hard 
work.  It  may  be  stated  in  a  general  way  that 
3  per  cent,  is  the  maximum  permissible,  while 
it  is  desirable  that  the  percentage  should  not 
rise  much  above  1  per  cent.  Definite  symp- 
toms of  poisoning  do  not  appear — at  any  rate 
in  the  course  of  a  few  minutes — until  the  per- 
centage rises  to  10  or  15. — Report  of  Royal 
Commission  on  Safety  in  Mines. 


COMPRESSED    AIR. 


4755 


AND  EVERYTHING  PNEUMATIC 

Established  1896. 

W.  L.  SAUNDEKS,  ....  .  Editor 

FRANK  RICHARDS,  -       -        -         Managing  Editor 

GARDNER  D.  HISCOX,        -        -        Special  Contributor 
L.  I.  WIGHTMAN,  -  ...      Business  Manager 

H.  L.  KEELY,  ....     Circulation  Manager 

PUBLISHED  BY  THE 

Compressed  Air  Magazine  Company 
easton,  PA, 

New  York  Office,  Bowling  Green  Building. 
London  Office,  114  Queen  Victoria  Street. 

Subscription,  including  postage,  United  States 
and  Mexico,  $1.00  a  year.  Canada  and  abroad,  $1.50  a 
year..    Single  copies,  10  cents. 

Those  who  fail  to  receive  papers  promptly  will  please 
notify  us  at  once. 

Advertising  rates  f  urnlshed  on  application. 

We  Invite  correspondence  from  engineers,  contrac- 
tors, inventors  and  others  interested  in  compressed 
air. 

Entered  as  second-class  matter  at  the  Easton,  Pa., 
Post  Office. 

Vol.  XIII.     FEBRUARY,  1908.     No.  2 

CONTENTS. 

The  Largest   Planer 4727 

Tunnel  of  Detroit  Water  Works 4730 

Acetylene  Lighting  and  Storage 4733 

Coal  Mine  Vacuum  Cleaning 4735 

Slimes  Agitation  by  Compressed  Air....  4736 

Compressed  Air  in  the  Boiler  Shop 4737 

Progress  in  Aeronautics 4738 

Plympton    Characteristics    4740 

Air  Pipe  Line   Capacities 4742 

Compressed  Air  Destroys  Sea  Walls....  4743 

Gases  of  the  Coal  Mines 4744 

The  Air  Lift  for  Mine  Pumping 4745 

Power  for  the  Shavings  Exhaust  Fan . . .  4746 
A   Narrow-Gage   Compressed  Air   Loco- 
motive      4747 

The  Policy  of  Secrecy 4747 

Air  Required  for  Ventilation 4748 

Oxygen    for   Cutting   Metals 4749 

The    Coometer    for    Analyzing    Furnace 

Gases    475* 

Drying  Air  for  the  Blast  Furnace 4752 

A  New  Rock  Drill  Bit 4753 

Libeling  the  Air  Compressor 4755 

Tunnel    Practice    in    South    Africa    and 

Colorado    4756 

The  Mechanical  Missionary 4757 

Questions    and   Answers 4758 

Trade   Publications    4760 

Notes    4762 

Patents     4763 


KELVIN 

Peace  and  the  grace  of  God  abide  with  thee, 
Fallen  with  weight  of  everripened  days ! 
Thou    canst    not    hear    how    men    forbear    to 

praise 
For  grief  the  world  has  lost  thy  majesty. 
How  shall  we  more  exalt  thy  fame's  degree, 
Or  to  thy  memory  enduring  raise 
More  lofty  tribute  than  thy  Learning  lays 
Upon  thy  tomb?     What  words  of  eulogy 
Are  needed  more  to  save  thy  cherished  name 
From  unremembered  annals  of  the  dead? 
But  with  the  great  of  every  land  we  bow 
In  sorrow,  while  with  loftiest  acclaim 
Thou  to  thine  everlasting  rest  are  laid 
With  crown  of  noble  works  upon  thy  brow. 
Wilbur  Morris  Stein. 


LIBELING  THE  AIR  COMPRESSOR 

A  certain  consulting  physicist  is  filling  space 
in  one  of  our  mining  exchanges  with  such 
statements  as  the  following: 

"The  packing  of  the  piston  rod  and  of  the 
piston  itself  must  be  extremely  tight  to  with- 
stand air  leakage,  since  the  air  is  a  much  more 
volatile  material  than  steam  and  the  leakage 
problem  is  much  more  severe.  Thus  the  fric- 
tion of  modern  reciprocating  air  compressors 
is  great,  even  in  theory,  and  this  friction  factor 
does  not  diminish  under  any  circumstances 
with  continued  use.  Many  air  compressors 
operate  with  fully  60  per  cent,  of  the  power 
used  in  overcoming  dead  friction  in  the  cylin- 
der and  bearings.  Hence,  the  object  to  be  at- 
tained in  selecting  an  air  compressor  is  to  cut 
down  this  friction  to  as  small  an  extent  as  pos- 
sible by  constructive  detail.  The  friction  of  the 
piston  is  directly  proportional  to  the  diameter 
of  the  piston,  and  the  volume  of  air  compressed 
varies  with  the  square  of  the  diameter.  The 
larger  the  machine  that  can  be  installed,  at 
least  as  far  as  cross-section  of  the  cylinder 
is  concerned,  the  better  is  the  type  from  an 
efficiency  standpoint." 

This  belief  that  air  has  a  mysterious  vola- 
tility or  tenuity  is  a  superstition  held  by  cer- 
tain users  of  air  and  quite  widely  by  those 
who  talk  about  using  it,  but  there  is  no  foun- 
dation of  fact  for  such  a  belief.  Air  is  no 
more  "volatile,"  practically  no  finer  in  ulti- 
mate texture,  than  steam  or  water,  and  no 
more  precautions  are  required  for  securing 
tight  piping  and  non-leaking  valves,  pistons 
and  stuffing  boxes  in  the  case  of  air,  hot  or 
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cold,  than  for  steam  or  water.  The  statement 
that  many  air  compressors  lose  60  per  cent, 
of  their  power  in  friction  is  absurd  in  its  reck- 
lessness. There  is  no  regular  air  compressor 
in  existence  which  will  show  such  a  loss,  and 
the  writer  of  the  above,  we  believe,  would  find 
it  impossible  to  adjust  a  compressor  to  show 
this  friction  loss  and  at  the  same  time  keep 
running  as  a  compressor.  It  happens  that  the 
friction  loss  in  a  steam-driven  air  compressor 
is  precisely  indicated  by  the  difference  in  the 
horsepowers  shown  by  the  cards  from  the  air 
and  the  steam  cylinders.  There  are  Corliss 
air  compressors  of  the  highest  efficiency  in 
which  the  friction  loss  is  under  5  per  cent., 
and  10  per  cent,  is  a  sufficient  friction  allow- 
ance for  the  average  machine. 

Then,  in  addition  to  the  above  friction  loss, 
there  is  the  loss  by  clearance,  which  is  ex- 
plained as  follows : 

"No  compressor  is  constructed  in  which  the 
piston  drives  out  completely  the  enclosed  air. 
A  small  space  must  be  left  for  the  operation 
of  the  machine,  and  this  space  is  technically 
known  as  the  'clearance  volume.'  If  the  clear- 
ance volume  is  large,  the  compressor  operates 
inefficiently.  A  certain  amount  of  air  is  com- 
pressed and  only  a  portion  of  it  escapes 
through  the  valve.  The  remainder  held  in  the 
clearance  volume  expands  on  the  return  stroke 
of  the  piston  and  acts  precisely  as  a  spring, 
and  the  work  done  is  not  available  any  more 
than  a  continued  compression  and  expansion 
of  a  spring  would  be  were  it  fastened  to  the 
piston  rod  outside  of  the  cylinder.  For  a  given 
cross-section  of  the  piston  this  clearance  vol- 
ume occupies  a  percentage  of  the  entire  volume 
in  direct  proportion  to  the  length  of  the  stroke. 
On  this  account  the  object  in  air  compressor 
construction  is  to  make  the  cylinder  as  long 
and  narrow  as  possible  to  cut  down  the  clear- 
ance volume." 

The  loss,  so  called,  in  an  air  compressor  on 
account  of  the  unavoidable  clearance  is  not  one 
of  efficiency,  but  of  capacity.  A  little  less  than 
the  cylinderful  of  air  is  compressed  and  de- 
livered, but  there  is  practically  no  power  lost 
for  the  compression  of  the  air  not  delivered, 
as  in  its  re-expansion  it  helps  to  propel  the 
piston,  or  returns  the  work  of  its  previous 
compression.  Lengthening  the  stroke  does  not 
reduce  the  clearance  in  the  same  proportion, 
as  the  actual  clearance  must  be  greater  with 
the  longer  stroke  to  compensate  for  the  greater 
springing  of  the  material  and  the  larger  play 
to  be  allowed  with  the  larger  working  diame- 
ters of  pins  and  journals. 


We  are  told  that  in  a  multi-stage  compres- 
sor "  'clearance  volumes'  are  often  increased, 
for  there  are  now  several  cylinders  operating." 
In  any  such  case  only  the  clearance  of  the 
first  or  intake  cylinder  counts  as  to  capacity, 
for  whatever  passes  that  cylinder  must  go 
through   the  others. 


COMPARISON  OF  TUNNEL  PRAC- 
TICE IN  SOUTH  AFRICA  AND 
COLORADO 

In  our  November  issue  there  appeared  an 
article  entitled  "Multiple  Arrangement  of 
Drills  on  the  Rand,"  from  the  Engineering 
and  Mining  Journal.  The  publication  of  this 
article  naturally  challenged  comparsion  with 
American  practice,  and  the  following,  by  re- 
quest, was  prepared  by  Mr.  W.  P.  J.  Dinsmore, 
of  Denver,  Colorado,  this  also  appearing  in  the 
Engineering  and  Mining  Journal,  from  whose 
columns  it  is  here  reproduced.  The  writer 
calls  attention  to  an  article  written  by  himself 
for  Mine  and  Quarry,  giving  figures  covering 
a  rapidly  driven  tunnel  in  the  Cripple  Creek 
district  of  Colorado.     He  then  proceeds  : 

Taking  the  figures  from  these  two  articles 
we  have  the  following  comparative  table : 

Cripple 
Rand.         Creek. 

Size    of    bore 5x7  ft.        9x9  ft. 

Rate  of  progress  per  mo....   225  ft.        375  ft. 
Number    of    machines    used 

shift  3  2 

Number    of    men     employed 

per   shift    8  6 

Number  of  holes  drilled  per 

round    15  20 

Length  of  shift,  hours 8  8 

Max.     distance    over    which 

spoil  had  to  be  trammed..   800  ft.       8500  ft. 

From  the  above  figures  we  can  strike  aver- 
ages and  derive  the  following: 

Cripple 

Rand.      Creek. 

Lineal  feet  advance  per  shift.  .     2.43  4.03 

Cu.  ft.  rock  broken  per  shift..   85.05         326.43 

Percentage    of    advance,    lineal 

feet    60%  1.66 

Percentage  of  advance,  cu.  ft..   26%  3.84 

Percentage  of  machines  used..  150%  0.66 

Percentage  of  men   used 133%  0.75 

Percentage  of  holes  drilled  per 

round    75%  1.33 

The  work  on  the  Rand  was  carried  on  with 
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a  greater  number  of  men  and  machines.  The 
article  in  the  Journal  also  brings  out  the  fact 
that  the  Rand  tunnel  was  driven  to  single 
track  size  to  be  later  widened  to  accommo- 
date double  tracks.  Not  so  with  the  Cripple 
Creek  tunnel,  which  was  at  all  times  kept  up 
to  its  required  width. 

That  there  must  be  causes  for  the  difference 
in  speed  as  shown  above,  is  self-evident.  These 
causes  must  rest  upon  four  things,  viz.,  the 
hardness  of  the  rock ;  the  method  employed 
in  doing  the  work ;  the  efficiency  of  the  men  ; 
and  the  efficiency  of  the  machinery. 

The  rock  encountered  in  the  Rand  tunnel 
was  undoubtedly  harder  on  the  average  than 
that  in  the  Cripple  Creek  tunnel,  though  some 
of  the  rock  at  Cripple  Creek  was  probably  as 
hard.  The  cylinder  diameter  of  the  drills 
used  in  the  Rand  tunnel  was  zYa  in.  and  that 
of  the  Cripple  Creek  drills  was  3^  in.  The 
drills  in  the  Rand  tunnel  put  in  on  an  average 
five  holes  each  per  shift,  while  those  in  the 
Cripple  Creek  tunnel  averaged  10  holes  each 
per  shift.  In  view  of  these  facts  it  would 
hardly  seem  that  the  rock,  even  if  much  harder 
on  the  Rand,  could  be  held  entirely  responsible 
for  the  difference  in  the  speed  accomplished. 

It  may  be  that  the  Rand  tunnel  was  being 
widened  at  the  same  time  that  the  heading 
was  being  advanced,  in  which  case  it  is  possi- 
ble that  the  tracks  over  which  the  spoil  from 
the  heading  was  being  trammed  were  more  or 
less  blocked  by  the  drills  and  the  broken  rock 
at  the  point  where  widening  was  in  process. 
This  blocking,  if  extensive  enough,  might  well 
be  the  cause  of  delays  in  getting  the  spoil 
away  from  the  heading  and  thus  delay  the 
work  of  advancing  the  heading.  From  the 
data  that  we  have  at  hand,  this  would  not 
seem  to  be  the  case,  and  it  would  appear  that 
a  round  of  holes  was  drilled  and  shot  each 
shift.  Therefore,  it  would  not  be  right  to 
charge  delays  to  this  until  further  confirming 
information  be  secured. 

The  fact  that  the  Rand  tunnel  was  driven 
smaller  than  the  Cripple  Creek  tunnel  may 
also  account  for  some  delay.  While  it  would 
naturally  seem  that  a  small  tunnel  could  be 
driven  faster  than  a  large  one,  at  the  same 
time  this  has  not  always  been  the  case.  The 
larger  tunnel  in  some  cases  can  be  driven  fast- 
er than  the  smaller  tunnel  owing  to  the  fact 
that  the  rock  breaks  more  easily.  The  powder 
having  a  larger  face  to  work  on,  consequently 
breaks  deeper  per  round,  and  the  larger  tunnel 


also  gives  more  room  in  which  the  drillmen 
and  shovelers  may  work,  so  that  a  round  of 
holes  is  drilled  fully  as  quickly  in  the  larger 
tunnel,  or  even  more  quickly,  and  the  addi- 
tional size  gives  the  shovelers  the  additional 
room  necessary  to  get  out  a  larger  amount  of 
rock. 

The  difference  in  the  speed  of  drilling  can 
hardly  be  charged  up  to  the  hardness  of  the 
rock.  Therefore,  it  would  seem  that  it  must 
be  charged  either  to  the  method  employed,  i.  e., 
that  of  driving  a  small  tunnel  instead  of  a 
larger  tunnel,  or  to  the  efficiency  of  the  men 
or  machines  employed. 


THE   MECHANICAL   MISSIONARY 

The  power-driven  rock  drill  is  a  mechanical 
missionary,  and  one  of  prolific  accomplishment. 
It  is  a  doer  of  good  in  large  measure,  so  that 
the  works  of  the  conscious,  purposeful,  profes- 
sional beneficent  are  belittled  by  comparison 
with  it.  The  wealthiest  man  who  ever  lived 
could  not  have  given  to  the  world  a  tithe  of 
what  this  thumping,  punching  and  apparently 
rough-and-ready  device  has  contributed.  Its 
work  is  essentially  the  simplest  that  could  be 
thought  of,  merely  to  perforate  Earth's  cuticle 
in  predetermined  spots.  Only  to  make  the 
holes  is  all  that  is  demanded,  and  no  precision 
of  either  location  or  dimension  is  required. 
Yet  this  simple  operation  and  the  apparatus 
which  has  made  it  easy  to  do  afford,  perhaps, 
the  most  striking  enforcement  of  the  dictum 
that  every  cause  is  productive  of  more  than 
one  effect.  In  the  case  of  the  rock  drill  as  a 
cause  the  effects  of  it  are  innumerable  and 
many  of  them  reach  far  beyond  our  ken. 

The  first  notable  work  of  the  rock  drill  was 
in  the  driving  of  the  Hoosac  tunnel,  a  task  so 
hopeless  before  its  advent  that  the  time  of 
the  tunnel's  completion  was  suggested  by  the 
Autocrat  of  the  Breakfast  Table  as  the  end 
of  all  things  and  the  period  for  the  donning 
of  our  ascension  robes.  The  tunnel  was  easily 
enough  bored  when  the  rock  drill  got  at  it, 
and  the  tunnels  it  has  driven  since  and  the 
open  cuts  are  only  to  be  measured  by  the 
thousands  of  miles. 

But  that  was  only  the  beginning,  and  only 
one  of  the  many  special  lines  of  employment 
which  the  rock  drill  has  made  for  itself.  If  it 
now  has  one  specialty  upon  which  it  may  pride 
itself  more  than  another,  and  by  reason  of 
which  all  mankind  are  most  indebted  to  it, 
the  specialty  is  mining,  the  unlocking  of  the 
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treasures  of  Earth.  Whether  it  is  lead  or 
silver  or  gold,  or  the  vastly  more  valuable 
copper  and  coal  and  iron,  these  all  it  makes 
free  to  man  to  use  as  he  will  for  every  pur- 
pose that  may  be  devised.  The  rock  drill 
works  to  the  greatest  depths  and  has  been  the 
sole  means  of  reaching  the  greatest  depths  be- 
low the  surface,  and  it  works  equally  well  in 
the  open  to  the  limits  of  accessibility  in  the 
mountains.  In  its  unearthing  of  treasure  it 
goes  to  the  remotest  corners  of  the  globe,  so 
that  the  one  special  area  in  which  it  is  most 
numerously  employed  to-day  is  not  in  the  seats 
of  civilization,  ancient  or  modern,  but  in  the 
farther  corner  of  the  dark  and  so  long  un- 
known continent.  On  the  Rand  in  South 
Africa,  and  not  in  the  metropolis  of  either 
the  Old  or  the  New  World  is  where  the  rock 
drill  is  the  most  numerous  and  the  busiest. 
And  it  goes  not  alone  to  the  remote  and 
hitherto  inaccessible  and  uninhabitable  regions 
where  the  mineral  treasures  are  most  likely 
to  be  found  stored.  It  is  always  in  touch  with 
the  spirit  of  the  age  and  draws  after  it  all  the 
agencies  and  the  facilities  of  civilization  and 
plants  them  everywhere  to  stay.  It  is  ban- 
ishing the  savage  from  the  Earth.  The  rail- 
roads, which  lace  the  continents,  and  the  can- 
als, from  sea  to  sea,  are  the  creations  of  the 
rock  drill,  and  in  the  promotion  of  universal 
intercourse  and  mutual  knowledge  and  a  recog- 
nition and  full  appreciation  of  the  common 
interests  of  the  race  it  is  foremost. 

As  illustrative  of  the  diversity  of  effects 
which  may  follow  the  single  cause  it  is  to  be 
remembered  that  the  air  compressor,  as  a  ma- 
chine of  established  manufacture,  became  so 
upon  the  demand  of  the  original  rock  drill. 
For  a  long  time  the  almost  sole  employment 
of  the  compressors,  when  first  built  in  num- 
bers and  of  respectable  size  and  efficiency,  was 
the  driving  of  the  rock  drills  which  had  called 
them-  into  being,  the  field  of  their  first  activi- 
ties being  almost  exclusively  in  mining  and 
tunnel  work.  The  supply  of  compressed  air 
by  the  presence  of  these  compressors  being 
made  easily  attainable,  the  diversifying  em- 
ployments and  the  multitudinous  variety  of 
compressed  air  tools  and  appliances  rapidly 
developed. — Cassici-'s  Magazine. 


In  1906  the  production  of  natural  gas  in 
the  United  States  was  388,842,562,000  cubic 
feet,  or  9,396,864  short  tons,  the  value  of 
which,  reckoned  at  $5  per  ton,  was  $46,984,320. 


UNPROMISING  LIQUID  AIR 

At  a  recent  meeting  of  the  South  Wales  In- 
stitute of  Engineers,  liquid  air  having  been 
casings  of  the  machine,  while  the  fan  will 
spoken  of  for  use  in  a  mine  rescue  apparatus, 
had  made  him  a  little  skeptical  as  to  the  prac- 
tical usefulness  of  various  adaptations  of  liquid 
air.  The  great  thing  was  to  have  the  liquid  air 
at  hand  when  wanted,  and  always  ready  in 
real  emergency.  For  power  purposes,  liquid 
air  could  not  be  produced  more  cheaply  than 
by  expending  one  pound  of  coal  for  every 
pound  of  liquid  air,  whereas  one  pound  of  coal 
could  be  got  to  raise  ten  pounds  of  steam;  so 
that  one  pound  of  coal  would  produce  power 
the  equivalent  of  at  least  twenty  pounds  of 
liquid  air.  Then  for  refrigerating  purposes, 
liquid  air  compared  unfavorably  with  ice,  be- 
cause one  pound  of  coal  would  produce  from 
fifteen  to  eighteen  pounds  of  ice,  and,  weight 
for  weight,  ice  was  as  good  a  refrigerating 
agency  as  liquid  air.  It  did  not  produce  such 
an  intense  cold,  but  as  much  useful  cold  could 
be  gotten  out  of  a  given  quantity  of  ice  as  from 
the  same  quantity  of  liquid  air,  and,  as  he  had 
said,  it  required  fifteen  times  as  much  coal 
to  produce  a  given  quantity  of  liquid  air  as  it 
did  to  produce  a  similar  quantity  of  ice.  The 
only  important  industrial  use  to  which  liquid 
air  had  been  put  was  in  the  production  of  oxy- 
gen by  a  process  of  distillation,  but  on  the 
scientific  side  it  had  been  the  means  of  dis- 
covering important  properties  of  substances 
at  low  temperature,  including  those  of  the 
emanations  of  radium. 


QUESTIONS  AND  ANSWERS 

Q. :  How  many  cubic  feet  of  free  air  per 
minute  will  flow  through  a  i-inch  and  also  a 
2-inch  pipe,  1,000  feet  long,  under  117.6  and 
157  pounds,  gage,  pressure? 

A.:  The  volume  of  air  flowing  through  a 
pipe  in  a  minute,  or  other  period  of  time,  de- 
pends upon  both  the  initial  and  the  terminal 
pressures.  Our  working  formula  is  as  fol- 
lows : 


v=    /- 

V 

in  which 


/2,oood5(p-i — p22) 


1 


v=cubic  feet  of  free  air  per  minute. 
d=diameter  of  pipe  in  inches. 
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lr=length  of  pipe  in   feet. 
pi=initial  absolute  pressure. 
p2=terminal  absolute  pressure. 

The  above  formula  may  be  transformed  to 
get  the  different  values  as  follows : 

2,oood5(p\ — p22) 


v2l 


2,000   (p2i — p22) 


/ 

d=5    /- 


V  2,000  (p-i— p-2) 

v2l 
(p\— p22)  = 


2,000  d5 

In  the  present  question  with  the  first  set  of 
conditions,  that  is,  i-inch  pipe  and  117.6  ini- 
tial pressure,  we  assume  a  loss  of  pressure  of 
10  pounds,  which  would  make  the  initial  ab- 
solute pressure,  or  pi,  H7.6-|-I4=:i32.3,  and 
the  terminal  absolute  pressure,  or  p2,  132.3 — 
10=122.3.  Then  applying  these  values  in  the 
formula,  we  have : 


v=     /- 

V 


/  2,oooX  i5X  ( 132.31'— 122.32) 


1,000 


=      / 

V 


/    2,oooXiX  (17,503-29—14,957.29 


1,000 


v=     / 

V 


/  2,000X1X2,546 


1,000 


.    v=   V  5,092 

v=7i.35  cubic  feet  per  minute. 

With  the  2-inch  pipe,  157  pounds,  gage,  pres- 
sure and  assuming  a  loss  of  15  pounds,  our 
solution  would  be  as  follows :  157  gage  + 
14.7=171.7  absolute  initial  pressure  and  171. 7 
— 15=156.7  absolute  terminal  pressure.     Then 


v=    / 

V 


/    2,oooX25X(i7i-7"— 156.72) 


1,000 


v=    / 
V 


/    2,oooX32X  (29,480.89—24,554.89) 


v=     / 

V 


/    2,000X32X4,926 


1,000 


1,000 


v=V  3 15.264 

v=56i.48  cubic   feet  per  minute. 

W.  M.  S.,  Batson,  Texas.  Q.:  I  under- 
stand the  law  is  that,  the  temperature  remain- 
ing the  same,  the  volume  of  a  given  quantity 
of  air  is  inversely  as  the  pressure  which  it 
bears,  but  I  do  not  fully  comprehend  this. 
By  the  above  law,  doubling  the  pressure  would 
halve  the  volume  of  air,  the  pressure  remain- 
ing the  same,  but  in  a  certain  Air  Compressor 
Catalogue  appears  this  extract  from  Com- 
pressed Air  :  "The  diagram  shows  that  when 
a  volume  of  free  air  is  compressed  adiabat- 
ically  to  21  atmospheres  (294  pounds,  gage 
pressure)  it  will  have  a  volume  of  a  little 
more  than  one-tenth."  I  understand  that  adia- 
batic  compression  would  leave  a  larger  volume 
than  isothermal,  but  should  there  be  that  dif- 
ference? 

A.:  In  all  these  operations  it  is  to  be  re- 
membered that  only  absolute  pressures  and 
temperatures  are  dealt  with.  In  compressing 
to  21  atmospheres  the  ratio  of  absolute  pres- 
sures would  be  1-21=1.0476  and  the  ratio  of 
volumes  under  isothermal  compression  would 
be  the  same,  but  the  ratio  of  volumes  at  the 
termination  of  adiabatic  compression  to  21  at- 
mospheres would  be  .1149,  or  reciprocally  8.668 
instead  of  21,  so  that  the  statement  that  the 
volume  would  be  "a  little  more  than  one- 
tenth"  was  not  an  exaggeration.  Approxi- 
mately the  same  result  may  be  reached  in  cor- 
roboration of  the  above  by  a  different  process. 
In  adiabatic  compression  from  1  to  21  atmos- 
pheres from  an  initial  temperature  of  60  de- 
grees the  final  absolute  temperature  would  be 
1,259    degrees,    and    the    ratio    of    initial    and 

60+461 
final  temperatures  would  be   =.4138. 

1259 
Then  the  ratio  of  volumes  would  be  1:4138:: 
2i  :8.689,  which  is  quite  near  the  8.668  found 
above.  It  is  expected  that  a  later  issue  of 
Compressed  Air  will  contain  formulas,  tables 
and  diagrams  which  will  be  of  great  assist- 
ance in  computing  the  relative  pressures,  vol- 
umes and  temperatures  which  occur  in  air 
compression. 
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TRADE  PUBLICATIONS 
The  Fuller=Lehigh  Pulverizer  Mill,  Le- 
high Car,  Wheel  and  Axle  Works,  Fullerton, 
Pa.,  44  pages  9x12  inches.  This  expensively 
printed  publication,  with  numerous  half-tones, 
describes  the  pulverizer  mill  to  its  minutest 
detail,  and  gives  accounts  of  various  installa- 
tions. 

The  Westinghouse  Storage  Battery  Auto- 
Truck  for  Industrial  Railways.  The  Westing- 
house  Machine  Company,  East  Pittsburg,  Pa., 
18  pages  6x9  inches.  This  pamphlet,  with  fine 
half-tones  and  not  overwritten,  describes  a 
line  of  flat  trucks  for  use  in  transporting  work- 
ing material  in  factories  and  yards  upon  the 
tracks,  usually  narrow-gauge,  of  "industrial" 
railways.  Everything  is  below  the  flat  top  of 
the  truck,  but  readily  accessible.  At  a  nomi- 
nal cost  for  power,  and  not  requiring  skill  to 
operate,  the  car  moves  itself  and  load  wher- 
ever  required. 

The   Treatment   of    Belts   and    Ropes   for 

Service  and  Profits.  Cling-Surface  Company, 
Buffalo,  N.  Y.  88  pages  4^x7  inches.  Well 
described  by  the  title.  A  great  variety  of 
conditions  and  applications  of  belting  are 
treated  of. 

The  "De  La  Vergne"  Two  Cycle  Vertical 
Oil  Engine,  De  La  Vergne  Machine  Company, 
foot  of  East  138th  street,  New  York.  This  is 
an  8-page  folder  4x9  inches,  describing  a  new 
line  of  engines  built  by  this  company.  The 
engine  uses  kerosene  or  fuel  oil,  about  a  pint 
per  horsepower  hour.  There  is  no  carbure- 
tor and  no  valve  motion,  and  the  engine  is 
one  of  the  simplest  ever  devised.  It  is  safe, 
reliable,  economical,  and  runs  at  high  speed, 
occupying  little  space  for  the  power  devel- 
oped. 

Abbreviated  Catalogue,  The  Whitney  Man- 
ufacturing Company,  Hartford,  Conn.  12 
pages  6x9  inches.  Shows  chains,  "Whitney" 
machine  keys,  key-seat  cutters,  checks,  tapping 
devices,  millers,  grinders,  etc.,  made  by  the 
company. 

Small    Steam    Driven    Air    Compressors. 

Ingersoll-Rand  Company,  New  York ;  38 
pages,  6x9  inches.  This  catalog,  handsomely 
printed  and  copiously  illustrated,  describes  the 
smallest  steam  driven  compressors  of  both  the 
Ingersoll  and  the  Rand  types  with  the  latest 
improvements  on  each  as  built  by  the  present 
company.    The  capacities  range  from  30  to  500 


cubic  feet  of  free  air  per  minute  and  the  gage 
pressures  from  15  to  100  pounds. 


KELVIN  AS  AN  INVENTOR 

There  are  three  kinds  of  inventor — the  man 
who  comes  on  discoveries  accidentally,  gen- 
erally when  looking  for  something  else ;  the 
enthusiast,  often  a  little  ignorant,  who  works 
at  a  problem  with  a  kind  of  instinct,  and 
solves  it  by  a  stroke  of  genius  which  no  one 
can  explain ;  and  the  educated  technologist, 
who,  finding  a  door  difficult  to  open,  merely 
selects  from  the  given  stock  of  knowledge  the 
proper  key  to  open  it.  Kelvin  belonged  to  the 
last  category.  His  great  inventions,  such  as 
his  compass,  his  mirror  galvanometer,  his  sy- 
phon recorder,  and  his  electrical  measuring  in- 
struments, all  depend  on  alterations  in  degree 
of  something  that  went  before.  He  also  de- 
veloped his  inventions  by  a  curious  method. 
He  never  seems  to  have  been  able  to  sit  down 
and  make  a  drawing  of,  say,  an  instrument. 
He  would  have  an  experimental  model  made 
from  instructions,  and  would  then  alter  it 
about  until  it  satisfied  him,  and  then  it  would 
be  copied  as  it  was.  The  result  was  that  all 
his  instruments  looked  as  if  they  ought  to  be 
re-designed  by  a  good  engineering  draughts- 
man. Kelvin's  inventions  were  often  great, 
but  it  was  because  his  available  knowledge  was 
great,  and,  though  they  would  be  remarkable 
for  an  ordinary  man,  they  are  really  dwarfed 
by  his  greatness  in  other  directions. — The  En- 
gineer. 


THE  DEGRADATION  OF  NIAGARA 

It  is  many  years  now  since  the  Niagara 
River  was  first  called  upon  to  pay  tribute  to 
modern  industrial  needs,  and  was,  as  the 
phrase  goes,  "harnessed"  to  an  alternator,  as 
though  it  were  a  horse  harnessed  to  a  whim. 
The  draught  of  power  is  measured  now  by  the 
million  horse-power,  but  up  to  the  present  the 
majestic  Falls  have  remained  to  all  appear- 
ances unharmed,  and  nothing  can  be  said 
against  the  wise  and  prudent  use  of  the  vast 
supply  of  energy  thus  reclaimed  from  Nature's 
stores. 

We  learn,  however,  from  the  American  pa- 
pers that  the  amenities  of  the  Falls  are  endan- 
gered in  another  way  altogether.  The  au- 
thorities of  the  city  of  Niagara  Falls  have 
commissioned   the    General    Electric    Company 
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to  install  batteries — we  might  call  them  parks 
— of  large  searchlights,  with  which  to  illumi- 
nate the  Falls,  and  the  work  is  actually  in 
progress.  Beams  of  all  the  colors  of  the  rain- 
bow are  to  be  projected  upon  the  falling  wa- 
ters, under  the  control  of  "an  operator  manipu- 
lating a  keyboard"  so  as  "to  obtain  a  thor- 
oughly artistic  interpretation  of  the  color 
scheme" — artistic!  To  crown  this  scheme  of 
vulgarization,  the  Falls  are  to  be  assisted — 
faked — boosted — for  their  natural  resources 
are  inadequate  to  satisfy  the  doers  of  this  van- 
dalism. In  fact,  a  steam  boiler  is  to  be  used, 
to  discharge  "clouds  of  steam"  from  pipes  "to 
augment  the  mists,"  so  that  "artistic"  cloud 
effects  may  be  produced,  with  the  aid  of  the 
searchlights.  Bombs  will  be  thrown  also,  to 
burst  over  the  Falls  and  emit  heavy  clouds  of 
smoke  or  a  shower  of    .     .     .     confetti. 

Alas !  How  are  the  mighty  fallen !  The 
monster  has  been  harnessed ;  now  it  shall  be 
tortured,  to  make  a  Yankee  holiday.  Shame ! 
— Electrical  Review,  London. 


REAL  RAILROAD  VALUES 

The  following  is  the  opening  paragraph  of 
a  valuable,  suggestive  and  informing  address 
recently  delivered  by  Robert  Mather  before 
the   Chicago   Association   of   Commerce : 

If  the  rails  of  the  land  should  melt  over 
night,  the  loss  to-mrrow  morning  would  be  less 
in  the  falling  quotations  of  railroad  bonds  and 
stocks  than  in  the  utter  destruction  of  the 
values  on  farms  and  in  mines  and  mills  and 
factories  that  to-day  we  count  as  the  nation's 
wealth.  Such  sudden  and  miraculous  solution 
of  the  problem  is,  of  course,  unlikely ;  at  least 
it  has  not  yet  been  advocated  in  Presidential 
speech  or  message.  But  any  diminution  of  the 
industrial  efficiency  of  our  transportation  lines 
would  affect  in  like  manner,  though  in  lesser 
degree,  all  the  varied  interests  that  would  go 
down  to  destruction  with  the  annihilation  of 
those  lines.  It  is  not  alone,  therefore,  the  few 
thousands  who  own  the  securities  of  the  rail- 
roads, or  the  million  and  a  half  employees  en- 
gaged in  their  operations,  or  the  ten  millions 
whom  the  wages  of  these  employees  support, 
that  are  directly  and  peculiarly  interested  in 
the  proper  solution  of  the  railroad  problem. 
The  question  comes  home  as  well  to  the  pock- 
ets of  the  millions  of  farmers  and  miners  and 
millers  and  manufacturers  and  merchandisers, 
with   all   their  added   millions   of   dependents. 


In  short,  it  is  a  question  that  touches  us  all, 
not  because  the  charge  for  transportation  is  a 
large  element  in  the  cost  of  what  we  con- 
sume, but  because  without  efficient  railroad 
transportation  our  commerce  could  not  be 
profitable.  The  gross  earnings  of  all  our 
railroads  for  the  fiscal  year  ending  June  30, 
1907,  were  $2,325,765,167.  Divided  among  the 
population  this  would  be  $25  each.  A  S3  T~3 
per  cent,  reduction  in  freight  and  passenger 
rates  would  mean  $8  per  annum  for  each  of 
us,  but  a  reduction  by  one-third  of  the  capacity 
of  our  transportation  lines  to  move  the  ton- 
nage of  the  country  would  mean  ruin  to  us 
all. 


A  BIG  BLAST  SAVES  $10,000 

C.  F.  Johnson,  who  has  the  grading  contract 
for  eighty-five  miles  of  the  Chicago,  Milwau- 
kee &  St.  Paul  Railroad  west  of  Ellensburg, 
Wash.,  recently  cleared  $10,000  in  a  fraction 
of  a  minute.  He  sent  $7,000  up  in  smoke  and 
$17,000  worth  of  grading  was  done  in  a  jiffy. 

Alexander  Holman,  who  directed  the  work, 
tells  the  story  as  follows  : 

"It  is  a  little  more  than  a  year  ago  that  I 
began  sizing  up  that  rock  hump  and  figured  on 
the  best  way  to  handle  it.  I  got  my  men  to 
work,  and  by  slow  and  tedious  drilling  we  ex- 
cavated eight  pockets  for  the  powder.  We  ran 
eight  small  tunnels,  just  big  enough  for  the 
men  to  work  in,  directly  into  the  face  of  the 
rock  shoulder.  When  the  right  point  was 
reached  we  ran  tunnels  to  the  right  and  left. 

"We  stowed  away  in  the  eight  pockets  1,771 
kegs  of  black  powder  and  dynamite  enough  to 
bring  the  total  up  to  the  equivalent  of  1,800 
kegs.  This  represented  about  55,000  pounds 
of  powder.  When  the  shot  was  ready  for  the 
electric  wires  the  cost  was  $7,000.  Naturally, 
the  greatest  care  was  taken  with  the  wiring. 
In  order  to  make  sure  of  accurate  work,  I 
rigged  two  batteries  and  set  them  away  up  the 
side  of  the  mountain  behind  the  biggest  tree 
we  could  find.  I  want  you  to  note  that  we 
piled  all  our  drills,  hammers  and  other  tools 
at  a  point  a  considerable  distance  above  the 
mine  and  behind  another  big  tree.  A  mighty 
curious  thing  happened  to  that  pile  of  tools, 
as  I  will  tell  you  later. 

"When  all  was  ready  and  everybody  warned 
in  all  directions  I  touched  the  buttons  of  the 
two  batteries,  and  then  things  happened  quick- 
ly.    The   whole   point  of   rock   trembled,  and 
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when  the  great  bulk  of  the  twenty  thousand 
yards  of  stone  were  hurled  into  the  lake  it 
created  a  sort  of  a  tidal  wave  that  made  the 
water  rise  three  feet  on  the  shore  opposite 
more  than  a  mile  away.  The  water  marking 
on  the  rock  on  the  lake  shore  immediately  ad- 
joining the  blast  showed  that  the  water  surged 
back  and  swelled  up  six  feet. 

"All  we  have  to  do  now  with  that  hump  is 
to  roll  out  5,000  yards  of  rock,  and  then  we 
stand  25,000  yards  to  the  good.  Instead  of  the 
slope  being  shattered  so  that  we  would  have  to 
take  down  and  out  a  lot  of  dead  work,  the  fact 
is  that  the  slope  is  just  as  perfect  as  if  the  cut 
had  been  made  by  piecemeal.  Of  course,  the 
fact  that  we  will  have  no  dead  work  is  unusual, 
for  some  can  be  safely  counted  on  in  blasts  of 
this  size. 

"Now,  the  curious  thing  about  that  pile  of 
tools  was  this :  A  rock  that  will  easily  weigh 
several  tons  was  thrown  high  enough  to  go 
over  the  top  of  a  group  of  fir  trees  that  stood 
immediately  above  the  blast.  It  never  scratch- 
ed the  trees  nearest  the  blast,  but  in  coming 
down  it  side  swiped  a  .big  fir  two  feet  through, 
sending  it  down  with  a  crash,  and  lit  squarely 
on  top  of  the  pile  of  tools,  with  a  result  that 
can  be  imagined." 


will  have  to  be  moved.  This  will  release  a 
large  body  of  ore  directly  under  the  present 
bed  of  the  stream. 


NOTES 

The  name  of  Technical  Literature  has  been 
changed  to  Engineering  Digest,  which  more 
accurately  describes  the  scope  of  the  publica- 
tion. It  collects,  selects  and  condenses  a  wide 
variety  of  fresh  technical  matter  and  is  already 
a  valuable  addition  to  the  means  of  informa- 
tion accessible  to  the  up-to-date  technical  man 
whatever  may  be  his  specialty. 


The  Mining  Reporter,  weekly,  and  Ores  and 
Metals,  semi-monthly,  both  of  Denver,  are  now 
consolidated  into  Mining  Science.  Geo.  J.  Ban- 
croft, M.  E.,  is  to  be  editor-in-chief  of  the  new 
publication  with  W.  H.  Graves  and  H.  J. 
Baron,  former  editors  of  Ores  and  Metals  and 
of  The  Mining  Reporter,  respectively,  as  asso- 
ciate editors. 


A  new  channel  is  to  be  excavated  for  the 
Sturgeon  River,  Michigan,  to  carry  it  away 
from  the  Loretto  mine.  A  considerable  quan- 
tity of  rock  and  500,000  cubic  yards  of  earth 


Sunken  ships  may  now  be  refloated  by  means 
of  acetylene  gas.  An  experiment  was  recent- 
ly successfully  tried  on  a  ten-ton  boat  in  the 
River  Seine.  The  boat  was  raised  by  means 
of  small  balloons  inflated  below  the  water 
with  acetylene  gas  immediately  generated 
from  the  solid  carbide  of  calcium  by  the  ac- 
tion of  the  water,  which  made  the  operation 
practically  automatic. 


The  Rove  tunnel,  for  the  canal  from  Mar- 
seilles to  the  Rhone,  will  be  the  largest,  but 
not  the  longest,  in  the  world.  In  cross-section 
it  will  be  72  feet  wide  and  46  feet  high,  with 
a  6^-foot  roadway  on  each  side  for  an  elec- 
tric railway.  The  material  to  be  removed  will 
be  double  that  of  the  Simplon  tunnel.  The 
estimated  cost  is  about  $7,000,000  and  seven 
years  will  be  required  for  the  work. 


When  an  issuing  U.  S.  patent  has  more  than 
five  claims  those  above  that  number  are  now 
not  printed  in  the  Patent  Office  Gazette.  This 
quite  naturally  reduces  the  bulk  of  each  issue, 
reduces  also  the  cost  of  printing  and  is  in 
every  way  to  be  commended.  The  claims 
printed  are  always  sufficient  to  give  an  idea 
of  the  patent,  although  even  those  are  never 
fully  intelligible  without  a  copy  of  the  speci- 
fications and  drawings,  which  any  one  may 
have,  with,  of  course,  all  the  claims,  for  five 
cents.  And  yet  there  are  some  to  find  fault 
with  this  exercise  of  common  sense  in  the 
Patent  Office. 


For  years,  says  the  Iron  and  Coal  Trades 
Review,  the  steel  industry  has  confidently  ex- 
pected to  see  a  fulfilment  of  the  prediction 
made  long  ago  that  "the  open-hearth  process 
will  go  to  the  funeral  of  the  Bessemer."  Re- 
cent developments  indicate  rather  clearly  that 
the  function  will  be  a  wedding  instead  of  a 
funeral,  a  vastly  more  happy  occurrence.  The 
duplex  process  is  rapidly  gaining  in  favor,  and 
the  details  are  being  worked  out  in  different 
ways  by  different  metallurgists.  It  is  more  a 
matter  of  appliances  and  manipulation  than 
processes,  as  the  metallurgical  wrork  is  laid  out 
very  clearlv. — The  Engineer. 
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The  mechanical  engineer  is  one  who  by  sci- 
ence and  by  art  so  adapts  and  applies  the 
physical  properties  of  matter  and  so  controls 
the  forces  which  act  through  them  as  to  serve 
the  use  and  convenience  of  man  and  to  ad- 
vance his  economic  and  material  welfare.  He 
does  this  mainly  by  storing  and  liberating  mo- 
tor energy  through  machines  and  apparatus 
which  he  designs  and  installs  and  operates  for 
the  purpose  of  fostering  and  developing  the 
processes  of  industrial  production  which  use 
and  require  such  power  upon  a  large  scale. — 
Pres.  Hut  ton  before  the  Amer.  Soc.  Mech. 
Ens. 


that  the  total  damage  is  not  known,  and  the 
righting  of  things  may  be  a  novel  and  in  any 
case  a  serious  engineering  problem. 


Our  readers  will  remember  the  striking 
pictures  shown  in  our  December  issue  of  the 
caissons  which  are  being  sunk  under  the 
Seine  for  one  of  the  Paris  subways.  We  re- 
gret to  note  that  a  serious  accident  has  oc- 
curred in  the  placing  of  them  in  position,  en- 
tailing loss  of  life  and  serious  additional  cost 
and  delay.  On  December  23  one  of  the  sec- 
tions, from  some  cause,  became  displaced  and 
the  outrushing  air  caught  five  of  the  work- 
men, crushing  and  killing  them  instantly.  The 
entire  workings   were   immediately   flooded   so 


One  of  Kelvin's  most  astonishing  character- 
istics was  his  avidity  for  work.  He  was  as 
enthusiastic  at  eighty-three  as  at  twenty-three, 
and  he  seemed  to  work  always.  He  really 
loved  work,  and  he  never  tired  of  it.  He  was 
a  standing  refutation  of  the  theory  that  a  man 
does  no  good  work  after  forty.  It  is  much 
more  likely  that  we  all  get  lazy  at  forty  to 
forty-five ;  but  those  who  work  hard  from 
forty  to  fifty  without  succumbing,  remain  ac- 
tive all  their  lives,  and  probably  prolong  their 
active   existence   considerably. — The  Engineer. 
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Washington,  D.  C. 
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872,330  AIR-MOISTENER  FOR  FURNACES.  Will- 
iam  A.   Cunningham,   Winona,   Minn. 

872.334.  AIR-SHIP.  Aurelio  S.  Fadda  and  John 
Di   Lorenzo,   Pittsburg,  Pa. 
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872,362.  PNEUMATIC  SPRING  AND  SHOCK-AB- 
SORBER FOR  MOTOR-VEHICLES.  Albert  L. 
Muren,    Belleville,    111. 

872,384.  HUMIDIFIER.  Joseph  J.  Smith,  New 
York,   N.    Y. 

872.417.  ROCK-DRILLING  MACHINE  OR  EN- 
GINE. Henry  Hellman  and  Lewis  C.  Bayles, 
Johannesburg,   Transvaal,   South   Africa. 

872.418.  ROCK-DRILLING  MACHINE  OR  EN- 
GINE. Henry  Hellman  and  Lewis  C.  Bayles, 
Johannesburg,   South  Africa. 

872,451.  CLEARANCE-CONTROLLING  MECHAN- 
ISM FOR  COMPRESSORS  AND  MOTORS. 
Sidney'  A.   Reeve,   Worcester,  Mass. 

872,526.  PROTECTED  PNEUMATIC  TIRE.  Carl 
G.   Lotave,   Denver,   Colo. 

872,737.  AIR-VALVE.  Doctor  F.  Morgan,  Chicago, 
111. 

872,751.  PNEUMATIC  MOTOR.  William  F. 
Rothe,   East   St.    Louis,    111. 

872,806.  ELASTIC-FLUID  TURBINE-ENGINE. 
Sebastian  Ziani  de  Ferranti,  Hampstead,  Lon- 
don,  England. 

872,820.  AIR  GUIDE  OR  STEERING  DEVICE 
FOR  AUTOMOBILES.  James  T.  Johnson.  Mem- 
phis,  Tenn. 

872,868.  PNEUMATIC  STRAW-STACKER.  James 
A.    Walsh,    Indianapolis,    Ind. 

872,975.  APPARATUS  FOR  WASHING  GAS. 
Charles   E.   Sargent,   Chicago,    111. 

DECEMBER   10. 

873,051.         ELASTIC-FLUID      TURBINE.         Oscar 

Junggren,    Schenectady.    N.    Y. 
873.065.     AIR-PUMP.     George  H.   Mohler,   Fremont, 

Nebr. 
873,069.      CAISSON    CONSTRUCTION.      A.    Z.    Mc- 

Leod,  New  York,  N.  Y. 


873,153.  SYSTEM  FOR  VENTILATING  PASSEN- 
GER-CARS.    Nelson   S.   Mercer,   Omaha,   Nebr. 

S73,345-  PNEUMATIC  GROUT  MIXING  AND  DIS- 
CHARGING APPARATUS.  William  L.  Can- 
niff,  New   York,   N.  Y. 

873.476.  \  ALVE  FOR  FLUIDS  UNDER  PRES- 
SURE.    Harry  Woods,   Steubenville,   Ohio. 

873.517-  COMPRESSED-AIR-CUSHION  BLOCK 
FOR  PILING.  Clinton  C.  De  Witt,  St.  Louis, 
Mo. 

873,53i-  PNEUMATIC-DESPATCH  APPARATUS. 
Edmond  A.   Fordyce,   Boston,  Mass. 

873,542.  AERIAL  VESSEL.  George  Halliday,  Su- 
perior, Wis. 

873,565.  TERMINAL  FOR  PNEUMATIC-DE- 
SPATCH-TUBE APPARATUS.  Isaac  W.  Litch- 
field,   Boston,    Mass. 

873,590.  PNEUMATIC-DESPATCH-TUBE  APPA- 
RATUS.     Albert   W.   Pearsall,    Lowell,    Mass. 

873,688.  COMBINED  WET  AND  DRY  AIR  PUMP. 
Royal  D.  Tomlinson,   Milwaukee,  Wis. 

DECEMBER    17. 

873,725.  PNEUMATICALLY-OPERATED  GONG. 
Fred  B.   Corey,   Schenectady,   N.    Y. 

873,740.  PNEUMATIC-DESPATCH-TUBE  APPA- 
RATUS.    Edmond  A.   Fordyce,   Boston,   Mass. 

873,776.  REVERSING  MECHANISM.  Sven  T. 
Nelson,   Chicago,  111. 

873,801.  SWIVEL  FOR  ROCK-DRILLS.  Samuel 
A.   Sizkmore,   Leadwood,   Mo. 

873,813.  ROCK-DRILL  AND  OTHER  PERCUS- 
>!<>N-TOOL.  Thomas  Warsop,  Coniston,  Eng- 
land. 

873.829.  PNEUMATIC  STACKER.  Byron  G. 
Baker,   Minneapolis,   Minn. 

873,924.  HUMIDIFYING  AND  AIR-MOISTENING 
APPARATUS.  Stuart  W.  Cramer,  Charlotte, 
N.   C. 
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873,938.  PNEUMATIC  HAMMER.  Martin  Hard- 
socg,    Ottumwa,    Iowa. 

873.947.  TRAIN-PIPE  COUPLING.  George  E. 
Kelly  and  George  F.  Royer,  Wilkes-Barre,  Pa. 

873.948.  TRAIN-PIPE  COUPLING.  George  E. 
Kelly  and  George  F.   Royer,   Wilkes-Barre,   Pa. 

873,984.  COMPRESSED-FLUID  CHARGING  AND 
DISCHARGING  DEVICE.  Gabriel  A.  Bobrick, 
Los  Angeles,  Cal. 

874.034.  DISCHARGE-VALVE  FOR  FLUID-COM- 
PRESSORS.     William    Prellwitz,   Easton,    Pa. 

874,054.  AIR-BRAKE  SYSTEM.  Frank  H.  Duke- 
smitii,   Meadville,   Pa. 

874.065.  HAIR-DRYING  APPARATUS.  Richard 
Grape,   New  York,    N.    Y. 

874.066.  ATMOSPHERIC  CLOTHES-POUNDER, 
Samuel  D.   Griffith,  Curwensville,   Pa. 

874,137.      AUTOMATIC    PRESSURE-REGULATOR. 

Charles   P.  Tolman,   New  York,   N.   Y. 
874,212.      PNEUMATIC    FAN.       Ciiari.es    Kuderer, 

Allegheny,    Pa. 
874.229.    CONTROLLING    MECHANISM.     John    J. 

Nef,    Chicago,    111. 

In  a  fluid  pressure  governor,  the  combination  of  a 
reciprocating  rod,  means  for  moving  the  same  in  one 
direction  by  fluid  pressure,  a  spring  for  moving  the 
rod  in  the  opposite  direction,  toggle-members  pivotally 
connected  at  one  end,  a  pivotal  support  for  the  other 
end  of  one  of  said  members,  a  support  for  the  other 
end  of  the  other  member  permitting  axial  movement 
of  said  member  as  the  toggle  is  buckled,  parts  on  said 
rod  adapted  to  engage  the  toggle  when  the  rod  is 
reciprocated  and  between  which  the  toggle  can  move 
free  of  the  rod,  a  spring  acting  on  the  toggle  to  con- 
tinue movement  thereof  started  by  one  of  said  parts, 
a  movable  circuit-controller  independently  pivoted  on 
said  pivotal  support  for  one  of  the  members  of  the 
toggle,  and  a  loose  connection  between  said  toggle- 
member  and  controller  whereby  the  former  actuates 
the  latter  when  operated  by  the  spring  acting  thereon, 
substantially    as    set     forth. 


874,261.        GRADUATED-RELEASE-VALVE        ME- 
CHANISM   FOR    FLUID-PRESSURE    BRAKES. 
Walter  V.  Turner,   Wilkinsburg,  Pa. 
DECEMBER  24. 

874,455-  ROCK-DRILL.  Frederick  V.  W.  Swan- 
ton  and  Burt  Price,  Braamfontain,  Johannesburg, 
Transvaal. 

874,488.  OIL-BURNER.  Joseph  L.  Causey,  Kan- 
sas  City,    Mo. 

874,499.  HAND  ROCK-DRILL.  Charles  H.  Gunn, 
Oroville,   Cal. 

874,603.  ROCK-DRILLING  MACHINE.  Alva  D. 
Lee,  Brookline,  and  Francis  J.  E.  Nelson,  Jr., 
East   Boston,   Mass. 

874,622.  PNEUMATIC  SIGNAL  FOR  RAILWAY- 
CROSSINGS.  James  W.  Pipkin  and  Hillard  S. 
.Mitchell,    Wilton,    Ark. 

874,771.     COMPRESSED-AIR  MOTOR. 
Tones,   Hamburg,   Germany. 

874:823.      FLUID-PRESSURE    ENGINE. 
Barricklow,   Antioch,    Cal. 

874,894.       DRILL.       George     E.     Lynch, 
Ohio. 

DECEMBER  31. 
AIR-PUMP.      Benjamin    Hamann 
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Columbus, 


874.960. 
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874,986. 


Detroit, 


VACUUM-PRODUCING  APPARATUS. 
Charles  A.  Parsons,  Newcastle-upon-Tyne,  Eng- 
land. 

875,010.  LAMP  FOR  BURNING  CARBURETTED 
AIR.      Frank   W.    Suter,    London,    England. 

875,042.  WAVE-MOTOR.  Edward  J.  Bissell,  Bay 
Citv,   Mich. 

875,111.  ELASTIC-FLUID  TURBINE.  Frederick 
Samuelson,   Rugby,   England. 

876,175.  AIR  AND  GAS  MIXER.  William  H. 
Hess,    Dewey,    Okla. 

875,277.  ROTARY  VALVE  FOR  AIR-COMPRES- 
SORS.    George  W.    Meyer,    Sparrows   Point,   Md. 

875.446.  PUMP  FOR  VACUUM-CLEANERS.  Ar- 
thur Mestitz,   Raudnitz,   Austria-Hungary. 
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875.468.     ACETYLENE-GAS  GENERATOR.     Frank  875,664.    TUNNELING-MACHINE.    John   P.  Karns, 
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Tenn  12,737     (Russian).       FLUID-PRESSURE     SYSTEM. 

875,543.       AUTOMATIC    BRAKE.       James     Lynch,  Walter  J.   Richards,  Milwaukee,  Wis. 

Van  Buren,  Ark. 
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PLACE'S     AIR-LIQUEFYING     EX- 
PANSION  ENGINE 


Some  Indicator  Cards  Taken  at  Low  Tem- 
peratures from  the  Air  Expanding  En- 
gine of  the  Air-liquefying  Plant 
at  Norwich,  Conn. 
By  J.  F.  Place,  M.  E. 
Having  recently  completed  and  put  into  suc- 


panding  air  in  an  insulated  air-expansion  en- 
gine, I  find  myself  in  possession  of  several 
hundred  indicator  cards  taken  from  the  engine 
during  the  time  of  experimentally  testing  it 
and  perfecting  the  other  air-liquefying  appa- 
ratus erected  in  connection  therewith. 

Some  of  these  cards  will  no  doubt  be  of  in- 
terest to  mechanical  engineers  familiar  with 
this  branch  of  thermo-dynamics,  or  with  re- 
frigerating  machinery    generally,    and    I    have 


The  Jf.£.  %ef > iterating-  Co.'s  JJir-liquefylncr  T'l^'nt  a£  iA"arvricA ,   Cottn .,  If.  S.J. 


FIGURE    I. 


cessful  operation  an  air-liquefying  plant  for 
the  New  England  Refrigerating  Co.,  at  Nor- 
wich, Conn.,  based  on  my  process  of  liquefy- 
ing air  by  the  refrigeration  produced  by  ex- 


therefore   made   a   few   selections    for   publica- 
tion. 

Tt   would  be   well,   perhaps,   as  a   premise  to 
the  exhibition  of  these  cards,  to  give  a  brief 
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description  of  the  engine  and  its  accessory  air- 
liquefying  apparatus. 

Besides  the  air-expansion  engine,  the  plant 
(shown  diagrammatically  in  Figs.  I  and  2) 
consists  of  an  8x8  inch  air-compressor;  mois- 
ture and  carbonic  acid  extracting  drums;  a 
small  CO2  refrigerating  system,  comprising  a 
3  horse-power  compressor,  condenser  and 
freezing  air-drum;  a  high-pressure  still-air 
liquefier,  with  submerged  liquid-air  sub-cooling 
tank ;  and  a  small  high-pressure  -air  compres- 
sor to  supply  the  liquefier.  The  air  in  this 
case  is  taken  from  the  street  main  of  the  Nor- 
wich Compressed  Air  Power  Co.,  which  is 
usually  at  85  pounds,  gage,  and  is  run  through 
a  lime  drum  into  the  8x8  inch  air  compressor, 
and  compressed  to  between  t6o  pounds  and 
180  pounds,  gage.  This  compressor  is  driven 
by  a  9x9  inch  upright  engine,  which  is  oper- 
ated by  compressed  air  from  the  street  main. 
From  the  8x8  inch  compressor  the  compressed 
air  of  160  to  180  pounds  is  conducted  through 
cooling  pipes  laid  in  the  Shetucket  river  close 
by,  and  is  then  passed,  successively,  through  a 
calcium  chloride  drum  and  a  caustic  potash 
drum,  and  the  freezing  drum  of  the  small  C02 
system;  and  thence  into  coils  through  a  pre- 
cooling  drum.  It  then  enters  the  engine  sup- 
ply coils  of  the  counter-current  thermal  inter- 
changer,  where  it  is  cooled  by  the  outflowing 
expanded  exhaust  air  from  the  engine  to  a 
temperature  of  about  — 1800  to  — 210°,  and 
is  then  delivered  to  the  valve  chamber  of  the 
same  air-expanding  engine. 

The  cold,  expanded  exhaust  air  from  the 
engine  (at  2600  to  3000  Fahr.  below  zero),  is 
conducted  first  over  the  high-pressure  com- 
pressed-air liquefying  coils,  composing  the 
still-air  liquefier;  and  then  over  both  these 
liquefying  coils  and  the  compressed-air  engine 
supply  pipes  in  a  single  conduit ;  and  then 
over  the  engine  supply  pipes  alone  in  the  pre- 
cooling  drum.  From  here  it  is  discharged  to 
the  open  atmosphere :  and  so  complete  is  the 
transfer  of  heat  in  the  system  that  this  sur- 
plus air  discharged  to  the  open,  is  rarely  more 
than  a  degree  or  so  below  the  temperature  of 
the  water-cooled  compressed  air  entering  the 
engine  supply  coils  of  this  pre-cooler. 

The  air  for  the  liquefying  coils  is  taken 
from  the  engine  supply  pipe,  after  water  cool- 
ing, and  is  compressed  to  42  atmospheres,  and 
after  being  water-cooled  is  passed  in  pipes 
through  the  exhaust  air  cooling  conduit  to  the 
liquefying  coils.     A   compressor  is  being  put 


in  to  take  the  air  at  atmospheric  pressure  and 
compress  it  to  85  pounds  to  supply  the  8x8 
compressor,  and  then,  after  the  compressed 
air  being  supplied  to  the  engine  is  thoroughly 
dry,  the  chemical  drums  and  the  C02  freezing 
drum  will  be  cut  out,  and  this  air  for  the  en- 
gine will  be  worked  in  a  closed  circuit;  and 
the  air  supplied  to  the  liquefying  coils  (at 
600  pounds)  will  be  passed  through  those 
drums  before  entering  the  interchange!-,  on  its 
way  to  be  liquefied. 

The  air-expanding  engine  is  65^x10  inch 
stroke,  of  the  horizontal,  double-acting  recip- 
rocating type.  The  cylinder  is  overhung,  pro- 
jecting from  the  frame  which  forms  the  cross 
head  slides,  and  is  suspended  on  eight  hollow 
tubes  of  fibre,  which  pass  through  two  strong 
fibre  slabs,  \~%  inch  thick,  which  hold  the  cyl- 
inder heads  against  lead  gasket  packings 
firmly  in  place.  Within  these  fibre  tubes  (or 
supporting  hollow  beams)  are  encased  long  in 
sulated  steel  tie-bolts,  5^x40  inches,  the  whole 
being  firmly  drawn  up  against  oak  thimbles, 
3  inches  diameter  (which  enclose  the  fibre 
tubes),  home  against  the  face  of  the  overhung 
cross-head  frame.  Tn  this  way  the  cylinder 
projects  about  30  inches  beyond  the  frame, 
and  is  not  allowed  contact  with  anything,  so 
that  no  heat  can  be  conducted  to  any  of  its 
parts  to  neutralize  refrigeration.  The  whole 
cylinder  is  thoroughly  insulated  from  the  nor- 
mal heat  of  the  outside  atmosphere,  first  by 
matched  wood-lagging,  made  air-tight  by  shel- 
lac, then  by  a  packing  of  eiderdown  4  to  5 
inches  thick,  enclosed  in  canvas  (made  air- 
tight by  shellac),  and, covered,  including  the 
ends,  with  nickel  foil,  which  gives  it  all  a 
highly  polished  surface;  and  outside  of  this  a 
packing  of  6  inches  of  fine  washed  wool,  all 
around  and  over  the  ends,  the  whole  being 
enclosed  in  shellac-treated  canvas,  and  an 
outer  matched-wood  lagging,  varnished;  the 
piston-rod  and  main  valve  stem  being  enclosed 
in  fibre  sleeves  about  18  inches  long,  which 
pass  through  the  various  insulations.  These 
sleeves  have  brass-mounted  fibre  stuffing  boxes 
on  the  outer  ends,  and  both  piston-rod  and 
main  valve  rod  are  packed  with  dry  braided 
flax  and  cup-leather  packing.  These  stuffing 
boxes,  although  fully  16  inches  from  the  cyl- 
inder, are  always  frost  covered  when  the  en- 
gine is  running;  but  the  rods  run  therein  with- 
out lubrication,  almost  frictionless,  and  per- 
fectly air-tight. 
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FIGURE  2. 
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A    NOVEL    CUT-OFF. 

The  valve  is  of  most  novel  construction — 
my  own  design,  after  many  costly  experiments. 
It  is  substantially  a  balanced  Meyer  variable 
cut-off,  of  the  cylindrical  piston  type,  exhaust- 
ing over  the  outer  ends.  The  cut-off  valves 
(running  inside  the  main  valve)  are  arranged 
to  cut  off  by  the  inner  edge  of  each  valve,  thus 
insuring  a  much  sharper  cut-off  than  the  or- 
dinary type  of  Meyer  valve;  as  when  the  air 
is  cut  off  the  main  valve  and  cut-off  valves 
are    traveling    in    opposite    directions,    and    at 


has  a  seamless  drawn  steel  lining,  carefully 
machined  and  ground  in  place  and  highly  pol- 
ished ;  the  main  valve  also  runs  in  a  similar 
lining.  As  the  temperature  of  both  cylinder 
and  valve  is  from  — 200°  F.  to  — 310°  F.  all 
the  time,  of  course  no  lubrication  is  used. 
After  the  trial  of  various  metals  and  alloys, 
and  many  other  substances,  I  found  that 
leather  and  ordinary  red  paper  fibre  are  the 
least  affected  by  the  extremely  low  tempera- 
tures I  had  to  deal  with.  I  found  that  friction 
of  the  piston  or  valves,  at  even  these  low  tem- 


FIG,    3 — INSULATED    ENGINE    CYLINDER   OF    PLACES    AIR-LIQUIFYING    EXPANSION    ENGINE. 


their  greatest  velocity.  The  main  valve  is 
given  Y%  inch  air  lap  and  f\  inch  exhaust 
lap,  and  set  with  a  lead  of  6  degrees.  The 
travel  of  the  valve  is  2  inches  for  main  valve 
and  134  inches  for  cut-off  valve.  The  main 
valve  eccentric  is  set  63  degrees  in  trail  of  the 
crank,  and  the  cut-off  valve  eccentric  55  de- 
grees in  advance  of  the  crank. 

The  cut-off  valve  stem  is  enclosed  inside  the 
main  valve  rod,  both  being  of  steel,  of  mini- 
mum cross-sectional  area,  and  50  inches  and 
30  inches  long,  respectively.  The  main  valve 
rod  is  of  course  tubular,  and  is  lined  through 
out  with  a  bronze  graphite-ring  packed  lining, 
forced   in.     The  cylinder   is   of  cast   iron   and 


peratures,  or  leakage  of  either  one,  if  allowed, 
would  neutralize  considerable  of  the  refrigera- 
tion I  sought ;  it  was  therefore  absolutely  es- 
sential to  success  that  internal  friction  should 
be  practically  eliminated,  and  that  both  the  pis- 
ton and  valves  should  run  air-tight.  After 
many  experiments  with  iron,  bronze,  fibre, 
raw-hide  and  other  ring  packing,  I  finally 
adopted  cup-leather  packings,  both  for  piston 
and  main  valve,  and  fibre-ring  packing  for  the 
cut-off  valves.  They  give  no  trouble — run,  ap- 
parently, just  as  easily  and  smoothly,  and  are 
equally  as  effective  at  310°  below  zero  as  at 
6o°  above;  and  are  absolutely  air-tight  at  all 
times  with  an   initial  working  pressure  of  180 
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pounds  gage.  There  is  much  less  friction  at 
these  very  low  temperatures  than  there  is  at 
normal  temperature. 

The  piston  is  of  fibre  (which  runs  with  lit- 
tle or  no  friction  on  polished  steel  at  low  tem- 
peratures) held  together  by  bronze  collars, 
and  made  about  .002  inch  smaller  in  diameter 
than  the  inside  diameter  of  cylinder.  A  disk 
cap  of  fibre  on  each  side  of  the  piston  in- 
sulates the  bronze  collars  from  the  air  charge. 
This  was  found  necessary  to  prevent  loss  by 
heat  passing  through  the  piston.     The  leather 


ports  in  both  valve  and  valve-chamber  lining. 
The  enlarged  sketch  (Fig.  4),  however,  shows 
how  this  was  accomplished.  The  valve  is 
made  a  very  trifle  smaller  in  diameter  than 
the  liner  in  which  it  operates,  so  that  the  wear 
is  taken  by  the  cup-leather  packing ;  but  great 
care  had  to  be  given  to  this  point,  otherwise 
there  would  be  leakage  immediately  preceding 
admission  and  release. 

Of  course  the  exhaust  air  from  the  engine 
is  carried  back  over  the  compressed  air,  being 
supplied  to  it  for  expansion  therein.    The  lique- 


FIG.  4 — THE  PLACE  BALANCED  VARIABLE  CUT-OFF  AIR  VALVE  FOR   WORK   WITHOUT  LUBRICATION. 


cups  are  in  the  centre,  back  to  back,  and  held 
up  to  their  work  by  a  V-shaped  bronze  ring 
between  them,  make  .004  inch  smaller  di- 
ameter than  the  cylinder  bore,  so  as  not  to 
come  in  contact  with  the  walls  thereof.  The 
leather  cup  packing  practically  takes  the  wear, 
and  actually  holds  the  piston  in  the  centre  of 
the  bore,  away  from  the  cylinder  walls  on  all 
sides.  The  sketch  herewith  (Fig.  3)  > shows 
the  engine  cylinder  and  valve  in  longitudinal 
vertical  section. 

The  designing  of  the  valve  with  cup- 
leather  packing  rings  was  a  problem  of  ex- 
treme   difficulty,    on    account    of    the    annular 


fier  is  separate  from  and  independent  of  the 
engine,  and  is  supplied  with  air  compressed 
to  about  42  atmospheres,  and  all  the  air  de- 
livered to  it  is  liquefied ;  whereas,  the  air  sup- 
plied to  the  engine  is  compressed  to  not  ex- 
ceeding 180  pounds  gage  (often  at  not  over 
150  pounds).  As  stated,  it  is  to  be  operated  in 
a  closed-circuit ;  that  is,  the  same  air  is  worked 
over  and  over — compressed,  water-cooled,  re- 
frigerated in  the  pre-cooler  and  the  counter- 
current  thermal  interchanger  by  the  cold  ex- 
haust air  from  the  engine,  utilized  after  expan- 
sion to  liquefy  the  high-pressure  air  in  the 
liquefier   coils    first,    and    thence    used   to   cool 
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both  the  compressed  air  supplied  to  the  lique- 
fying coils  and  that  of  less  compression  being 
supplied  to  the  engine;  and  then  (after  cool- 
ing the  engine  compressed-air  supply  alone) 
returned  to  the  compressor  to  go  through  the 
same  cycle  again. 

There  are  many  details,  a  description  of 
which  would  make  this  article  too  long.  It  is 
sufficient  to  say  that  the  engine  runs  smoothly 
in  all  its  parts,  easier  when  it  is  using  air  at 
an  initial  temperature  of  — 2000  or  — 2200  than 
when  the  initial  temperature  is  normal,  as  at 
starting  up.  As  the  compressed  air  in  the 
liquefying  coils  liquefies  at  its  critical  tempera- 
ture, — 220°  F.,  and  while  at  .or  above  its 
critical  pressure,  it  is  not  necessary  to  run  the 
engine  so  that  the  exhaust  will  be  below  — 2400 
to  — 280°.  The  air  used  in  the  engine  is  abso- 
lutely devoid  of  either  moisture,  carbonic  acid 
gas,  or  anything  else.  Tt  is  pure  nitrogen  and 
pure  oxygen  ;  therefore,  as  there  was  nothing 
to  freeze,  I  experienced  no  trouble  whatever 
from  frost  or  ice.  The  quick  lime,  calcium 
chloride  and  caustic  potash  drums  are  so  con- 
structed inside  that  the  air  is  brought  in  direct 
contact  with  successive  charges  of  these  hy- 
groscopic substances. 

Three  things  which  have  been  a  source  of 
difficulty,  heretofore,  in  liquefying  air,  I  suc- 
ceeded in  putting  behind  me  from  the  start — 
moisture,  carbonic  acid  gas,  and  insulation. 
The  arrangements  for  elimination  of  the  first 
two,  and  the  design  for  securing  the  last, 
worked  most  satisfactorily — the  pre-cooler,  in- 
terchanger  and  CO?  cooling  drums  all  being 
thoroughly  insulated  with  a  mat  of  from  3  to 
8  inches  of  wool,  and  covered  with  shellac- 
treated  canvas. 

The  indicator  cards  here  reproduced  are  on 
a  scale  of  80  pounds  to  the  inch,  the  side  to 
the  right  being  the  crank  end  in  each  case. 
Of  the  indicator  diagrams  shown.  Nos.  1  and 
2  are  friction  cards — the  engine  running  free, 
without  load.  No.  3  is  a  card  with  load,  soon 
after  starting  up,  the  initial  temperature  being 
normal,  and  the  engine  not  having  become 
cooled  much  below  zero,  the  exhaust  tempera- 
ture varying,  showing  about  400  below,  but 
constantly  falling  as  the  cold  exhaust  air 
cools  the  incoming  supply  of  compressed  air. 
In  starting  up  the  engine  I  usually  started 
with  80  pounds  to  100  pounds  gage  pressure, 
and  gradually  increased  the  compression,  as 
the  engine  got  cooled,  to  160  pounds  to  180 
pounds:    sometimes    running   on    150    pounds. 


and  getting  quite  as  good  results  therefrom  as 
when   the  higher  compression   was  used. 

No.  4  card  is  almost  ideal.  There  is  a  very 
slight  throttling  of  the  release  on  the  head  end 
after  the  piston  has  passed  the  dead  centre, 
and  there  is,  as  shown,  a  trifle  more  clear- 
ance on  the  crank  end  than  on  the  head. 

This  unequal  clearance  is  corrected  in  card 
No.  5,  and  reduced  a  trifle  at  both  ends. 

Cards  Nos.  6  and  7  were  taken  a  month 
apart,  and  some  changes  may  have  been  made 
in  the  clearance  and  valve-setting;  but  the  ex- 
haust temperature  was  the  same  in  each  case, 
2000  below  zero.  Note  the  sharp  cut-off  in 
these  cards. 

In  cards  Nos.  8,  9  and  10  the  expansion  was 
not  to  atmosphere,  their  being  about  10  pounds 
gage  at  release  in  Nos.  8  and  10.  The  back 
pressure  in  these,  as  well  as  in  all  of  the  cards, 
shows  about  \Y>  pounds.  These  three  cards 
were  taken  on  three  successive  days,  No.  10 
being  taken  when  running  at  considerably 
lower  exhaust  temperature  than  the  others,  or 
at  —  280 °  F. 

Cards  Nos.  11  and  12  were  taken  at  still 
lower  temperatures,  or  with  the  exhaust  at 
292  °  and  3 10°  below  zero,  respectively.  The 
initial  cylinder  pressure  used  when  these  cards 
were  made  was  but  147'  j  pounds  and  150 
pounds  gage,  respectively. 

Cards  Nos.  8,  9,  70,  n  and  12  may  all  be  re- 
garded as  vapor  cards,  as  the  air  was  ex- 
hausted in  each  at  temperatures  below  the 
critical  temperature  of  air.  The  temperature 
given  on  the  cards  was  taken  by  a  pentane 
thermometer  in  the  exhaust  conduit,  just 
where  it  leaves  the  insulation  surrounding  the 
cylinder,  about  16  inches  from  the  valve;  this 
exhaust  conduit  leads  to  the  conduit  enclosing 
the  liqucfier  supply  coils,  and  is  of  course 
heavily  insulated  with  wool  felt  and  fine 
washed    wool. 

I  regard  No.  12,  when  the  engine  was  ex- 
hausting at  a  temperature  of  310°  below  zero, 
as  nearer  a  perfect  expansion  card  than  any 
of  the  others.  The  engine  was  then  liquefying 
air  in  the  cylinder,  for  the  exhaust  as  it 
passes  out  over  the  ends  of  the  valve  is  slightly 
raised  in  temperature.  The  compression  (or 
cushioning  of  the  piston)  I  purposely  made  as 
small  as  considered  safe  to  run  with,  for  com- 
pression neutralizes  refrigeration.  Tn  this  card 
(  No.  12)  there  is  just  the  least  bit  more  com- 
pression on  the  crank  than  on  the  head  end  ; 
otherwise  the  card  is  perfect.     A  trifle  earlier 
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cut-off  could  have  been  used,  so  as  to  have 
carried  the  expansion  down  to  atmosphere. 
Analyzing  this  card  (12)  I  find  the  actual 
cut-off  was  5  per  cent.,  the  piston  displace- 
ment being  344.7  cubic  inches,  and  the  clear- 
ance (including  indicator  pipes)  was  26.5  cubic 
inches.    Therefore,  the  initial  volume  expanded 


was  344-7"  X  .05  +  26.5"  =  437  cubic  inches,  at 
150  pounds  gage;  and  the  volume  or  space  it 
was  expanded  into  was  3447"  +  26-5  =  371-2 
cubic  inches;  so  that  it  was  working  with  an 
actual  expansion  of  about  one  volume  into  8.5 
volumes,  or  the  equivalent  of  about  11.8  per 
cent,  net  cut-off ;  and  yet  it  was  expanding  the 
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air  from  150  pounds  gage  to  about  21   pounds 
absolute. 

With  compressed  air  at  175  pounds  gage 
and  the  initial  temperature  6o°  1\.  the  theo- 
retical fall  in  temperature  in  expanding  the 
air  to  atmosphere,  is  to  2130  below  zero ;  the 
expansion  to  atmosphere  from  an  initial  tem- 
perature of  — 180°,  gives  theoretically  a  ter- 
minal temperature  below  that  of  condensation, 
even  with  no  greater  initial  cylinder  pressure 
than  150  pounds  gage.  The  air  in  expanding, 
however,  absorbs  heat  from  the  cylinder  and 
all  its  parts,  so  thai  at  first  the  terminal  tem- 
perature is  very  considerably  above  the  theo- 
retical result;  but  as  the  cold  exhaust  air  con- 
tinues t<i  reduce  the  temperature  of  the  incom- 
ing compressed  air  supplied  to  the  engine,  the 
exhaust  air  grows  uniformly  colder  and  colder 
until  partial  liquefaction  is  reached  in  the  cyl- 
inder, ( — 312.6°). 

I  had  no  means  of  taking  accurately  the 
temperature  of  the  compressed  air  in  the  valve 
chamber,  or  the  initial  cylinder  temperature 
before  expansion;  but  when  card  Xo.  12  was 
taken  this  initial  temperature,  I  have  no  doubt, 
was  — 180°  or  lower;  and  the  result  of  any 
lower  initial  cylinder  temperature  than  — l8o° 
with  150  pounds  gage  expanding  to  atmos- 
phere, would  simply  be  increased  cylinder  con- 
densation, without  any  change  in  the  terminal 
temperature. 

The  ratio  of  density  between  air  at  6o°  F. 
and  air  at  — 200°,  the  pressure  being  constant, 
is  about  2 ;  therefore  in  theory  it  takes  2  cubic 
feet  of  the  compressed  air  delivered  from  the 
compressor  water-cooler,  to  make  1  cubic  foot 
of  the  same  compressed  air  in  the  valve  cham- 
ber, when  the  temperature  there  is  — 200°. 
The  air  as  exhausted  from  the  cylinder  when 
card  Xo.  12  was  made,  before  passing  over, 
the  liquefier  coils,  was  in  theory  considerably 
less  than  one-third  the  volume  of  free  air — 
notwithstanding  it  was  at  substantially  atmos- 
pheric pressure. 

The  engine  is  made  to  do  work  on  the 
counter-shaft  which  drives  the  high-pressure 
compressor:  and  as  near  as  I  can  judge,  we 
recover  from  it  ordinarily  about  22T4  per  cent 
of  the  power  required  to  compress  the  air  it 
uses  (possibly  not  over  20  per  cent.),  varying 
with  the  initial  temperature  of  the  compressed 
air  expanded  in  the  engine.  This  initial  tem- 
perature rises  or  falls  according  to  the  amount 
of  liquid  drawn  from  the  liquefier,  or  the  fre- 
quency with  which   it  is   drawn   therefrom  :  or 


according  to  the  amount  of  heat  allowed  to  be 
absorbed  by  the  expanded  exhaust  air  before 
it  is  delivered  to  the  interchanger  to  cool  the 
incoming  compressed  air  being  supplied  to  the 
engine. 

The  advantage  of  a  separate  liquefier  and 
using  therein  air  compressed  to  600  pounds  is, 
that  all  of  the  air  is  liquefied  (without  reduc- 
tion of  pressure.)  at  its  critical  point — or  at 
its  critical  temperature  ( — 220°)  and  at  or 
above  its  critical  pressure  (39  atmospheres), 
when  its  density  as  a  gas  is  identical  with  its 
density  as  a  liquid;  and,  therefore,  there  is  no 
latent  heat  of  condensation  given  out  to  retard 
liquefaction,  as  there  is  practically  no  further 
contraction  of  volume  involved  in  its  change 
of  state. 

The  high-pressure  liquefying  coils  deliver 
the  liquefied  air  by  gravity  to  a  high-pressure 
liquid  receiver;  and  the  liquefied  air  as  re- 
leased from  pressure  and  drawn  from  this 
high-pressure  receiver  is  delivered  to  a 
vacuum-jacketed  container  or  low-pressure 
holder  which  surrounds  the  receiver;  so  that 
this  liquid  receiver  is  practically  a  sub-cooling 
tank,  as  it  is  kept  submerged  in  liquid  air  of 
atmospheric  pressure,  the  surplus  or  overflow 
liquid  from  the  holder  only  being  drawn  from 
the  system. 

By  this  method  of  liquefying  air  when  at  it- 
critical  pressure,  by  utilizing  the  cold  exhaust 
air  from  the  air-expansion  engine  to  cool  such 
high-pressure  air  down  to  its  critical  tempera- 
ture, and  then  delivering  it  as  liquefied  (with- 
out reduction  of  pressure)  to  a  cooling  tank 
or  receiver  submerged  in  liquid  air  of  atmo- 
spheric pressure,  the  newly  liquefied  air  in  the 
submerged  receiver  is  sub-cooled  after  lique- 
faction, from  — 220°  to  — 313°,  so  that  there 
is  practically  no  loss  by  vaporization  on  being 
released  from  pressure ;  and  the  released  liq- 
uid as  it  evaporates  (or  that  portion  which  is 
evaporated  after  release  in  sub-cooling  the 
liquefied  air  which  has  taken  its  place  in  the 
submerged  high-pressure  receiver)  requires 
the  maximum  of  latent  heat  of  vaporization 
(or  about  120  B  t  u  per  pound)  to  evaporate, 
all  of  which  must  be  taken  from  the  liquid 
air  in  the  submerged  receiver,  or  from  the 
liquid  itself  as  released.  Besides,  all  vapors 
from  the  low-pressure  liquid  holder  are  utilized 
to  cool  the  air  to  be  liquefied,  as  all  such  are 
conducted  back  over  the  incoming  supply  of 
compressed  air,  being  mixed  in  the  out-flowing 
expanded  air  conduit  with  the  exhaust  air  from 
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the  engine.  The  resultant  product  of  liquid 
air  drawn  from  the  system  is  about  f)/>  pounds 
per  h.p.h.  of  energy  expended.  Greater  econ- 
omy may  be  expected  as  the  machinery  gets 
worn  down  to  its  work. 

This  article  would  be  incomplete  without 
due  acknowledgment  of  the  untiring  efforts 
and  constant  work  of  Mr.  John  A.  Inslee, 
President  of  the  New  England  Refrigerating 
Co.,  during  the  past  three  years,  in  financing 
the  company  and  otherwise  aiding  in  bringing 
the  enterprise  to  final  success. 

Glen  Ridge,  X.  J.,  February  22,   1908. 


A     LIQUID     AIR      RESCUE 
APPARATUS 

A  device  employing  liquid  air  for  rescue 
apparatus  to  be  used  in  coal  mines  and  else- 
where when  the  air  is  unbreathable  has  been 
invented  by  Mr.  Otto  Simanis,  Norfolk  House, 
Strand,  London,  and  the  London  correspon- 
dent of  the  Scientific  American  has  forwarded 
a  description.  The  "Aerolith,"  as  it  is  called, 
comprises  a  bag,  containing  the  liquid  air  ab- 
sorbing medium,  which  is  strapped  to  the 
wearer's  back  like  a  knapsack.  The  apparatus 
weighs  only  24  pounds  when  fully  charged. 
From  the  top  of  the  knapsack  extends  a  flex- 
ible tube  connecting  an  upper  section  of  the 
chamber  containing  the  absorbed  liquid  air 
with  the  mouth,  there  being  a  mask  fitted  over 
the  entire  face  with  mica  glazed  apertures  for 
the  eyes,  or  simply  a  mask  inclosing  the  eyes 
and  mouth.  This  flexible  coupling  is  connected 
by  another  short  length  of  flexible  tube,  the 
connection  being  made  about  6  inches  below 
the  mouth  to  the  liquid  air  container  at  the 
opposite  upper  section. 

The  most  essential  part  of  the  apparatus  is 
the  compartment  containing  the  liquid  air. 
This  is  filled  with  asbestos  wool,  which  the 
inventor  has  discovered  to  be  the  best  of  all 
absorbing  substances,  while  at  the  same  time 
it  enables  evaporation  to  be  automatically  con- 
trolled. This  absorbent  is  thoroughly  regu- 
lated by  special  means,  so  that  not  only  is 
evaporation  from  external  heat  avoided  when 
the  apparatus  is  not  in  operation,  but,  when 
evaporation  is  in  progress,  to  effect  it  so  grad- 
ually as  to  be  just  sufficient  for  the  needs  of 
the  wearer's  lungs.  Attached  to  the  apparatus 
and  lying  flat  against  its  outer  surface  is  a 
second  bag,  through  which  escapes  exhaled  air 
from  the  lungs. 


The  wearer  clamps  the  mask  carrying  the 
mouthpiece  from  the  liquid  air  chamber  to  his 
mouth,  and  commences  to  breathe  in  a  normal 
manner.  The  warm  expired  air  from  the  lungs 
passes  through  the  tube,  and  enters  the  cham- 
ber containing  the  absorbed  charge  of  liquid 
air.  This  at  once  causes  the  evaporation  of  a 
small  quantity  of  liquid  air  of  the  same  volume 
as  would  be  exhaled  by  a  man  under  ordinary 
circumstances.  This  evaporated  charge  passes 
up  the  second  tube,  and  by  the  next  inhalation 
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is  drawn  into  the  wearer's  lungs.  This  cycle 
of  operations  is  repeated,  the  warm  expired 
breath  evaporating  charges  of  fresh  air  until 
the  supply  has  become  exhausted.  The  atmos- 
phere evaporated  from  the  absorbing  material 
is  cool,  fresh  and  pure,  the  intensely  cold 
vaporized  air  being  warmed  by  its  passing 
through  the  tube,  so  that  by  the  time  it  reaches 
the  mouth  it  can  be  inhaled  without  the  slight- 
est discomfort.  The  expired  air,  after  pass- 
ing over  the  absorbing  medium  and  releasing 
the  requisite  quantity  of  fresh  air  in  its  pass- 
age, finally  escapes  into  the  outer  atmosphere. 
The  liquid-air  absorbent  reservoir  is  charged 
from  a  supply  carried  in  a  small  receptacle, 
the  liquid  air  being  stored  in  a  spherical  vac- 
uum vessel  of  the  type  evolved  by  Professor 
Dewar.  This  reservoir  is  well  insulated,  the 
loss  from  evaporation  being  very  small.  It  is 
made  of  varying  capacities  according  to  re- 
quirements, the  average  capacity  ranging  from 
0.7926  to  1.5852  gallons.  As  air  in  its  lique- 
fied   state   is   compressed    into   one   eight-hun- 
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dredth  part  of  its  normal  volume,  1.32  gallons 
of  liquid  air  evaporate  into  about  244,080  cubic 
inches  of  pure  air  at  atmospheric  pressure; 
this  quantity  is  sufficient  for  about  three  hours' 
use. 

In  connection  with  the  evolution  of  the 
"Aerolith"  apparatus,  the  inventor  has  also 
devised  a  cheaper  method  of  producing  lique- 
fied air.  With  the  apparatus  he  has  designed 
the  cost  of  production  is  approximately  18 
cents  per  gallon,  but  by  the  aid  of  some  recent 
modifications  it  is  anticipated  that  the  cost 
will  be  reduced  to  5  cents  per  gallon.  In  the 
case  of  large  coal-mining  areas,  such  as  those 
existing  in  the  north  of  England,  Westphalia 
and  Pennsylvania,  it  would  be  more  econom- 
ical to  erect  one  central  generating  station  to 
serve  a  large  number  of  mines.  A  plant  with 
an  8  horse-power  engine  and  capable  of  pro- 
ducing one  gallon  of  liquid  air  per  hour,  can 
be  erected  for  about  $2,000. 

[It  will  be  noted  that  the  preceding  article 
promise's  to  produce  liquid  air  more  cheaply 
than  this.] 


COAL    STORAGE   OF    HEAT    AND 
ENERGY 

A  pound  of  coal  represents  five  times  as 
much  energy  as  a  pound  of  the  strongest  ex- 
plosive known,  blasting  gelatine.  My  friend 
had  overlooked  the  fact  that  a  pound  of  dyna- 
mite, though  it  gives  out  nearly  150,000,000 
H.  P.,  does  so  only  for  the  space  of  1-50,000 
of  a  second.  He  had  omitted  to  take  into 
account  the  element  of  time,  and  had  con- 
fused power  in  the  ordinary  sense  with  en- 
ergy, which  is  the  capacity  for  doing  work. 

A  similar  confusion  is  sometimes  made  be- 
tween energy  and  the  creation  of  high  tem- 
peratures. This  can  be  very  well  illustrated 
by  the  use  recently  made  of  a  finely-powdered 
aluminum,  both  as  a  component  of  explosives 
and  as  an  agent  for  producing  very  high  tem- 
peratures, in  the  shape  of  Dr.  Goldschmidt's 
"thermit."  In  both  cases  the  fact  is  utilized 
that  aluminum  is  easily,  and  in  the  shape  of 
fine  powder,  almost  instantaneously,  convert- 
ed into  its  oxide,  alumina,  by  substances  capa- 
ble of  giving  off  oxygen.  In  the 'case  of  ther- 
mit, a  mixture  of  finely-powdered  aluminum 
and  ferric  oxide  is,  when  lighted,  decomposed 
instantaneously  into  molten  iron  and  aluminum 
oxide.    The  heat  produced  thereby  far  exceeds 


that  produced  by  coal  in  any  conceivable  way ; 
it  is  equal  to  that  of  the  electric  arc.  One  of 
the  most  important  applications  of  this  agent 
occurs  in  the  welding  of  the  ends  of  railway 
rails,  when  already  laid  down,  into  one  con- 
tinuous rail  of  any  length  required.  And  yet 
the  total  energy  of  thermit  is  only  450  ther- 
mal units  per  kilogram,  or  in  other  words, 
about  one-twentieth  of  thaf  of  the  best  coal. 
But,  whereas,  it  takes  a  good  deal  of  time  to 
burn  a  pound  of  coal,  during  which  process 
there  is  a  great  loss  of  heat  by  radiation,  and 
the  heat  is  spread  over  a  current  of  gases 
which  we  call  the  flame,  a  pound  of  thermit 
burns  off  in  about  one  second,  and,  as  there 
are  no  gaseous  products  formed,  all  the  heat 
generated  remains  within  the  molten  iron  and 
alumina,  which  accounts  for  the  extreme  de- 
gree of  heat  to  which  these  are  brought. — 
Prof.  George  Lunge,  Royal  Institution. 


AIR   LIFT    AGITATION    IN 
CYANIDING 

That  fine  grinding  of  most  of  the  ores  to  be 
treated  by  the  Cyanide  Process  is  beneficial  is 
generally  admitted.  The  quartzose  envelope  of 
the  metallic  particles  has  to  be  broken  in  or- 
der to  allow  contact  with  the  dissolving  me- 
dium and  so,  departing  from  former  practice, 
it  has  more  and  more  become  the  endeavor  of 
metallurgists  to  "slime"  all  the  ore  and,  aban- 
doning the  separation  of  the  real  slimes  from 
the  fine  sands,  agitating  both  together.  Me- 
chanical stirrers  assisted  by  centrifugal  pumps 
were  used  with  some  success,  but  it  was  found 
that  the  presence  of  even  fine  sands  made  the 
operation  uncertain,  and  costly. 

An  improved  method  of  agitating  mixtures 
of  slimes  and  sands  has  been  invented  by  Mr. 
F.  C.  Brown,  manager  of  the  Komata  Reef 
Gold  Mines  in  New  Zealand  and  introduced 
by  him  on  several  important  works  in  that 
country  with  remarkable  success.  Compressed 
air  is  used  for  this  purpose,  applied  in  a  pe- 
culiar manner  in  tanks  of  which  the  accom- 
panying cut  is  a  sectional  elevation.  The  tanks 
are  cylindrical  in  appearance  but  consist  inter- 
nally of  a  cylindrical  part  terminating  in  a  cone 
with  a  60  degree  slope.  The  weight  of  the 
tanks  and  contents  is  transmitted  by  the  con- 
tinuation of  the  cylindrical  shell,  stiffened  by 
vertical  angle  bars,  to  a  double  angle  iron 
resting  upon   a   solid   foundation.     The   lower 
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end  of  the  cone  is  closed  by  a  cast  iron  bot- 
tom. A  doorway  in  the  lower  part  of  the  shell 
gives  access  to  the  space  around  the  cone  and 
a  manhole  in  the  latter  facilitates  inspection  of 
the  valves,  etc.,  when  the  tank  is  empty.  The 
discharge  of  the  contents,  after  agitation,  takes 
place  through  a  pipe  near  the  bottom,  provided 
with  a  valve,  cock  or  plug. 
The  internal  fittings  of  the  tank  consist  of : 
i.  A  central  tube  called  the  air  lift,  of  a  di- 
ameter of  about  one-twelfth  of  that  of  the 
tank.  It  is  open  at  both  ends  and  extends 
from  about  18  inches  above  the  charging  level 
to  the  same  distance  from  the  lowest  point  of 
the  cone.  It  is  supported  by  means  of  brackets 
as  shown  in  the  drawing,  there  being  three  of 
them  in  each  set. 

2.  An  air  pipe  (a)  in  the  center  of  the  lift, 
closed  below  and  resting  on  the  bottom  of  the 
tank,  has  at  the  level  of  the  inlet  of  the  air  lift 
a  "sleeve"'  valve  which  prevents  the  pulp  en- 
tering and  allows  the  air  to  escape  in  an  up- 
ward direction  when  the  air-pressure  exceeds 
that  due  to  the  head  of  pulp  in  the  tank. 

3.  A  second  air  pipe  (b)  outside  the  lift 
which  serves  to  keep  the  pulp  in  gentle  motion 
while  filling  or  emptying  the  tank  when  the 
submergence  is  insufficient  to  allow  the  air  lift 
to  work. 

4.  An  apparatus  consisting  of  an  annular 
casting  (c)  surrounding  the  air  lift,  supported 
on  the  sides  of  the  cone  and  provided  with  a 
number  of  pipes  having  sleeve  valves  discharg- 
ing against  the  cone,  the  apparatus  being  con- 
nected to  the  air,  and  water  or  solution  pipes. 
This  arrangement  is  sometimes  useful  when 
discharging  to  wash  down  the  sands  which 
ma.v  have  settled  on  the  cone  after  the  agita- 
tion is  stopped. 

The  mode  of  operation,  like  the  apparatus,  is 
very  simple.  The  tank  being  filled  with  ground 
ore  and  solution,  air  is  admitted  through  pipe 
(a),  which,  mixing  wi,th  the  contents  of  the 
lift,  lightens  the  column  inside  and  causes  it  to 
overflow,  while  fresh  pulp  runs  in  at  the  bot- 
tom and  is  in  turn  brought  to  the  top,  thus 
producing  a  perfect  circulation  which  is  kept 
up  as  long  as  the  supply  of  air  lasts.  The 
initial  air  pressure  has  to  exceed  that  of  the 
column  in  the  air  lift,  but  when  once  circula- 
tion has  been  established  the  pressure  can  be 
considerably  reduced.  At  first  also  a  greater 
quantity  of  air  is  required  in  order  to  obtain  a 
sufficient  velocity  of  circulation  to  remove  all 
the  pulp  which  may  have  packed  on  the  cone 


during  the  period  of  filling.  To  commence 
operations  50  pounds  of  air  pressure  are  used, 
but  when  the  cone  is  clear  of  sand,  the  half  of 
this  pressure  is  sufficient.  The  quantity  of 
free  air  consumed  depends  upon  the  propor- 
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PACHUCA    AGITATING   TANK. 

tion  of  slimes  and  sands,  the  degree  of  grind 
ing  and  the  viscosity  of  the  pulp.  In  most 
cases  100  cubic  feet  of  free  air  per  minute  will 
keep  the  mass  in  lively  motion  and  prevent 
the  settling  of  sands  on  the  cone.  Large  tanks 
loaded  with  slimes  only  are  agitated  in  X.  Z. 
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with  an  expenditure  of  less  than  one  horse- 
power. For  a  plant  treating  ioo  tons  per  day 
of  mixed  sands  and  slimes  a  io-horse-power 
compressor  is  sufficient. 

The  agitation  by  these  means  is  perfect,  and 
very  efficient  aeration  of  the  mass  is  obtained 
at  the  same  time.  Even  after  weeks  of  rest, 
when  the  contents  of  the  tank  have  packed  to 
a  hard  mass  in  the  cone,  agitation  can  be  rea- 
dily started  and  after  about  one  hour  the  mass 
is  in  perfect  circulation.  Sands  can  be  treated 
as  readily  as  slimes  and  as  they  fall  through 
the  solution  more  rapidly  than  the  slimes  they 
receive  a  more  energetic  treatment.  Tt  is  clear 
that  the  dissolving  action  of  the  cyanide  solu- 
tion is  much  more  rapid  than  when  less  per- 
fect modes  of  agitation  and  aeration  are  used. 
In  fact,  24  hours'  treatment  are  generally  suffi- 
cient, and  extractions  of  92  per  cent,  of  the 
silver  and  nearly  all  the  gold  have  been  ob- 
tained in  that  time. 

The  first  cost  of  a  plant  of  this  description 
is  much  less  then  when  mechanical  agitation 
of  the  ordinary  kind  is  used  and  the  treatment 
charges  are  also  considerably  reduced.  One 
man  can  do  all  the  work  connected  with  the 
agitation  of  a  100-ton  plant.  There  is  no  dan- 
ger of  anything  getting  out  of  order  and  no 
chance  of  the  contents  settling  down. 

The  above  description  we  take  from  the 
Mexican  Mining  Journal,  which  says  further: 
The  system  was  introduced  into  this  country 
by  Mr.  A.  Grothe  in  the  Hacienda  de  San 
Francisco  at  Pachuca  and  results  there  ob- 
tained induced  the  San  Rafael  and  La  Union 
Companies  at  Pachuca  to  put  in  200  and  100- 
ton  plants  respectively.  A  50- ton  installation 
is  under  way  at  the  Natividad  Company's  mill 
in  Oaxaca,  while  the  Veta  Colorado  Mining  & 
Smelting  Co..  of  Parral,  is  building  an  experi- 
mental plant  of  two  tanks  of  15  feet  diameter 
and  45  feet  high. 


A  power  contract  has  been  made  by  the  city 
of  Xew  York  with  the  New  York  Edison 
Company  for  current  for  operating  the  electric 
pumps  for  the  new  emergency  high  pressure 
fire  mains.  A  penalty  of  $500  per  minute  is 
imposed  for  delay  of  the  electric  power  supply 
bevond  three  minutes  after  a  fire  alarm. 


EFFICIENCY  TESTS  OF  AIR  LIFTS 
AT  SOUTH  AFRICAN  MINES 

The  two  200-stamp  mills  erected  about  a 
year  ago  by  the  East  Rand  Proprietary  Mines, 
Limited,  on  the  properties  of  the  Cason  and 
Angelo  Companies  have  several  features  of  in- 
terest, not  the  least  important  of  which  are 
the  air  lifts  used  for  raising  the  sands  and 
slimes  pulps  to  the  settling  tanks.  The  air 
lifts  in  the  above  plants  replace  the  ordinary 
tailings  wheel,  or  the  less  frequently  used  tail- 
ings pump,  and,  as  these  are  the  only  two 
plants  on  any  of  the  Witwatersrand  mines  in 
which  an  installation  of  air  lifts  is  entirely  re- 
lied  upon   for  lifting  pulp,  their  operation  ha? 


The  wettest  place  on  earth  is  reputed  to  be 
Cherrapunji,  Tndia.  and  a  recent  fall  of  ~4l/2 
inches  of  rain  in  five  consecutive  days  must 
discourage  other  competitors  for  the  record. 


FIG.     I. — FIRST    FOOT    PIECE. 

been   watched  with   a  considerable   amount  of 
interest  by  local  engineers. 

An  air  lift  pump  consists  of  (T)  a  foot  piece 
provided  with  ports  for  the  admission  of  the 
liquid  to  be  lifted  and  a  compressed  air  inlet, 
and  (2)  a  rising  main.    The  foot  piece  is  sunk 
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to  a  distance  below  the  level  of  the  liquid  to  be 
raised  proportionate  to  the  head  to  be  lifted 
against,  and  compressed  air  is  admitted  at  the 
air  inlet,  the  initial  air  pressure  necessary  be- 
ing dependent  upon  the  pressure  in  the  well 
or  sump  at  the  point  of  air  admission  to  the 
foot  piece. 

The  operation  of  the  "lift"  is  dependent  upon 
the  aeration  of  the  column  of  liquid  contained 
in  tbe  rising  main,  and  not  upon  an  ejector 
action,  as  is  erroneously  imagined  by  many 
engineers.  The  maximum  efficiency  of  a  given 
"lift"  is  therefore  attained  when  the  head  to 
be  lifted  against,  the  proportion  of  submersion 
to  head,  and  the  pressure  of  the  compressed  air 
at  the  air  inlet  are  in  correct  ratios.  If  the  air 
pressure  is  too  high  the  amount  of  work  per- 
formed in  attaining  the  excess  pressure  is  lost. 
If  the  degree  of  submersion  is  too  great  in 
proportion  to  the  head,  then  it  is  necessary  to 
raise  the  air  pressure  higher  than  is  economical 
in  order  to  deliver  it  into  the  foot  piece  against 
the  increased  liquid  pressure  due  to  the  excess 


FIG.   2 — IMPROVED   FOOT    PIECE. 

submersion,  with  a  resultant  loss  of  efficiency. 
On  the  other  hand,  if  the  proportion  of  sub- 
mersion to  lift  is  not  great  enough  there  is 
not  sufficient  aeration  of  the  column  of  liquid 
to  give  the  requisite  velocity  to  the  column 
without  the  use  of  an  unduly  large  volume  of 
compressed  air— as  expressed  in  its  equivalent 


amount  of  free  air — per  cubic  foot  of  liquid 
lifted,  this  again  resulting  in  a  loss  of  efficiency 
if  the  power  requisite  to  compress  the  larger 
volume  of  free  air  to  the  lower  pressure  re- 
quired is  greater  than  that  necessary  to  com- 
press the  smaller  quantity  to  a  higher  pressure. 
In  the  absence  of  trustworthy  data  upon 
which  to  base  calculations  for  the  Angelo  and 
Cason  plants,  it  was  essential  that  a  series  of 
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FIG.    3. — POSITION"    OF    TUBES    IX    WELL. 

tests  should  be  carried  out  to  ascertain  the 
most  economical  ratios  of  the  three  determin- 
ing factors.  These  tests,  the  results  of  which 
are  tabulated  below,  were  carried  out  by  Mr. 
R.  Henderson,  the  construction  engineer  of 
the  East  Rand  Proprietary  Mines.  Limited, 
under  the  direction  of  the  company's  consult- 
ing engineer.  Mr.  X.  Wilson. 

The  "lifts"  arc.  in  both  the  Angelo  and  Ca- 
son plants,  arranged  in  groups  for  sands  and 
slimes,  respectively.  Each  tube  is  placed  in  a 
separate  well  or  sump,  which  for  a  few  feet 
at  the  top  is  extended  in  area  so  that  variation 
in   the   quantity  of  liquid   flowing   to   the  well 


4782 


COMPRESSED    AIR. 


may  not  cause  too  rapid  fluctuations  in  the 
level.  By  this  arrangement  the  tube  can  be 
fixed  in  a  well  very  little  larger  than  its  own 
diameter,  and  yet  the  level  of  the  liquid  can 
be  kept  practically  constant.  A  float  which, 
as  it  rises  and  falls  with  the  level  of  the  liquid, 
rotates  a  small  plug  valve  regulates  the  supply 
of  compressed  air  to  the  tube,  and  provides  for 
irregularities  in  the  flow  to  the  well.  The  de- 
sign of  the  foot  piece  originally  experimented 
with  is  shown  in  Fig.  I.  Four  ports  at  the 
lower  end,  which  is  belled  out,  provide  for  the 
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FIG.    4. — EFFECT    OF   VARYING    RATIOS. 

admission  of  the  pulp,  whilst  through  a  4-inch 
hole,  placed  2  feet  6  inches  above  the  top  of 
the  ports,  compressed  air  is  admitted.  This 
design  was  found  to  be  very  inefficient,  and 
later  tubes  were  iitted  with  the  type  shown  in 
Fig.  2,  which  is  belled  out  at  the  lower  end  to 
a  greater  extent  than  in  the  original  type — so 
as  gradually  to  accelerate  the  velocity  of  the 
liquid — and  the  bottom  is  open,  the  foot  piece 
resting  on  four  timber  supports.  An  air  belt 
is  provided  3  feet  3  inches  above  the  bottom  of 
the  foot  piece,  this  belt  delivering  air  to  the 
tube  through  a  ring  of  twelve  holes,  each  1 
inch  square.  This  design  gave  vastly  improved 
results.  The  dimensions  at  A,  B,  C  and  D  for 
the  foot  pieces  of  the  various  tubes  were  : 

Dimensions  of 

foot  piece.  Where  used.  Tests. 

A      B      C       D 

in.   in.   in.  in.       (  Angelo  Slimes  ..  E.I. J. K.L. 
21    11 \i  19     22 


23     13  %   20      30 


Where  used. 

I  Angelo  Slimes 
A  and 

/  Cason  Sands 

1  Angelo  Slimes 
.<  and 

I  Cason  Slimes 


No.  1. 
D.M.S.T.N.O.P.Q.B. 


The  rising  main  used  was  mild  steel  tubing. 
expanded  into  cast  steel  flanges.  The  lengths 
of  main  were  made  uniform  so  as  to  be  inter- 
changeable. The  mains  used  with  the  foot 
pieces  having  11^  inches  diameter  throats  were 
14  inches  internal  diameter,  whilst  those  with 


foot  pieces  having  13^  inches  diameter  throats 
were  16  inches  internal  diameter.  The  lower 
portions  of  the  rising  mains  were  in  each  in- 
stance reduced  2  inches  in  diameter  by  a  lining 
of  timber  1  inch  thick.  This  lining  serves  a 
double  purpose,  as  it  protects  the  lower  lengths 
of  main  from  damage  by  abrasion — the  sands 
to  a  greater  and  the  slimes  to  a  lesser  degree 
exercise  a  cutting  action  in  their  flow — and 
also,  by  restricting  the  area  in  the  lower  length 
tends  somewhat  to  equalize  the  velocity  of  flow 
in  the  length  of  the  main.  The  air  bubbles,  by 
expanding  as  they  rise  and  decrease  in  pres- 
sure, increase  the  velocity  of  flow  of  the  aer- 
ated liquid  as  it  rises,  if  the  main  is  of  uniform 
diameter  throughout.  A  main  of  gradually  in- 
creasing (or  tapered)  diameter  would  be  neces- 
sary to  provide  an  absolutely  uniform  velocity 
throughout  its  vertical  length,  and  this  would, 
of  course,  be  commercially  impossible  to  pro- 
vide. The  general  arrangement  of  the  "lift" 
and  well  is  shown  in  Fig.  5. 

In  carrying  out  the  experiments  at  the  An- 
gelo Slimes  plant,  a  series  of  seventeen  tests 
were  made,  as   shown   in  Tables   T.   to  V.,   the 
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FIG.   5. GENERAL   ARRANGEMENT   OF   AIR  LIFT. 

following  being  the  method  employed  in  ob- 
taining the  various  data. 

Air  measurement. — A  special  air  compressor 
was  used  for  the  purpose  of  working  the  air 
lifts.  The  compressor  was  run  at  such  a  speed 
as  to  keep  the  level  of  the  slimes  in  the  well 
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of  the  "lift"  constant.  The  revolutions  of  the 
compressor  were  then  noted  and  kept  constant 
during  the  test.  Then,  knowing  the  revolu- 
tions and  the  piston  displacement  of  the  air 
compressor,  the  consumption  of  free  air  per 
revolution  or  per  minute  could  be  obtained. 

Slimes. — "Slimes"  means  a  mixture  of  water 
and  the  very  fine  or  "slimy"  portion  of  the 
crushed  ore  coming  from  the  reduction  plant. 

Slimes  measurement. — When  everything  was 
running  steadily,  the  slimes  to  be  dealt  with 
was  measured  in  a  50  feet  diameter  tank ;  the 
flow  in  cubic  feet  per  minute  thus  being  ob- 
tained. 

Specific  gravity  of  slimes. — A  number  of 
samples  of  the  slimes  were  taken  and  the  spe- 
cific gravity  obtained,  an  average  of  the  re- 
sults being  taken. 

Theoretical  H.  P.  in  lifting  slimes  a  height 
=ht. — The  specific  gravity  used  for  determin- 


Adiabatic  compression  1',  V,  i-*ps  =  P2  V2  1  -tos 

M.E.P.  =3-45    1    P.,   (FA     71   —'Pi     \ 
1      -   \P2/  L     I 

=  H.P.  pei-  cubic  foot  of  free'air 

I 


■015042 


P2    (&)   ■«    -   P, 


Efficiency  per  •■-■m.  = 


Theoretical  H.P. 


X  100 


Index  of  Symbols  used  in  Calculations: — 

/ij  =  Depth  of  submersion  in  feet. 

h2  =  Height  of  lift  in  feet. 

V  =  Velocity  in  feet  per  second  of  the  pulp  through 

the  throat. 
Q  =  Quantity  of  pulp  in  cubic  feet  per  minute. 

C  =  Constant  for  theoretical  H.P.=  33-506=  -001918. 

G  =  Gage  showing  working  pressure  of  air  (see 

Fig.  5). 
'  =  H.P.  per  cubic  foot  of  free  air  compressed  t 

Pi-. 
M.E.P.  =  Mean  of  effective  pressure. 
Pi  =  Atmospheric   pressure  (absolute)  =  12-5  lb. 

per  square  inch. 
P2  =  Working  pressure  at  the  air  lift  -absolute). 

A  =  Cubic  feet  of  free  air  per  minute. 

«  =  Area  of  throat  of  the  foot  piece  of  rising  main 

in  square  feet. 
P  =  Working  pressure  at  the  air  lift  (gagei. 


Test. 

B. 

C. 

D. 

E. 

Date 

11-7-06 

11-7-06 

16-7-06 

16-8-06 

Tube 

East  and  West 

East  and  West 

East 

West 

. 

Number  and  size  of  tubes  used 

Two  lOin. 

Two  lOin. 

One  14  to  16in. 

One  12  to  14in. 

a 

Submersion,  in  feet       

32  lb 

35  75 

37-75 

48-85 

% 

Lift,  in  feet             

32-5 

29  5 

27-5 

27-09 

-5 

Ratio  submersion  to  lift       

1009  tol 

1-21  to  1 

1-372  tol 

1-77  to  I 

0 

Working  gauge  pressure,  in  lb.  per  square  inch    

Average  number  of  stamps  running ... 

15 

16 

17 

22 

O 

155 

157-5 

145 

160 

Kind  of  foot  piece 

Fig.  1 

Fig.  1 

Large,  Fig.  2 

Small,  Fig.  2 

Throat  diameter  of  foot  piece     

lOin. 

lOin. 

13iin. 

lljin. 

Free  air  per  minute,  in  cubic  feet     

2256 

1279 

796-48 

846 

Free  air  per  minute  per  stamp,  in  cubic  feet 

14-5 

8-12 

5-49 

5-28 

g 

Free  air  per  cubic  foot  of  slimes,  in  cubic  feet ... 

7-27 

4-06 

2-74 

2-64 

a 

ca 

Cubic  feet  of  slimes  per  minute 

310 

315 

290 

320 

3 

Cubic  feet  of  slimes  per  stamp  per  minute      '  ... 

2-0 

2-0 

2-0 

2-0 

0 

Throat  velocity,  in  cubic  feet  per  second 

4-7 

4-8 

4-855 

7-39 

» 

Theoretical  horse-power      

19-3 

17-8 

15-23 

16-6 

P- 

Horse-power  per  cubic  foot  of  free  air  compressed       

•048 

•  050 

•053 

•064 

Air  horse-power     

Efficiency,  per  cent.      

108-72 

64-74 

42-21 

54-144 

17-7 

27-5 

36-15 

30-55 

TABLE    I. — AIR    LIFT    AT     ANGELO    SLIMES    PLANT. 


ing  the  theoretical  H.  P.  was  taken  as  1.1013, 

or  63.3  pounds  per  cubic  foot  of  slimes. 

Theoretical  H.  P. 

_Quantityof  pulp  in  cub,  ft.  per  min.  X  63-3  X  lift  in  ft. 
33,000 

=  Q  XC3j3  X  ''!• 
33,000 

=  CXQX*2 

=  -001918  X  Q  X  h2- 

Air  H.  P.- — This  was  obtained  by  multiplying 
the  cubic  feet  of  free  air  per  minute  by  the 
value  of  the  H.  P.  required  to  compress  one 
cubic  foot  of  free  air  to  the  working  air  pres- 
sure, as  shown  in  this  case  on  the  gage  G,  Fig. 
5.  In  these  tests  it  has  been  assumed  that  the 
compression  is  adiabatic,  and  therefore  taken 
under  worst  conditions. 


decreasing  heights  of  lift,  the  ratio 


Remarks  on  Tests. 

Table  I.  Tests  B,  C,  D  and  £.— It  will  be 
noticed  that  these  tests,  taken  in  the  above  or- 
der, have  increasing-  depths  of  submersion  and 

Submersion 
Lift 

varying  from  1.009  to  1  to  1.77  to  1.     Tests  B 
and  C  were  each  run  with  two  10-inch  tubes. 

The  cubic  feet  of  free  air  used  to  one  of 
slimes  being  7.27  and  4.06  cubic  feet  respective- 
ly, the  latter  being  with  the  greater  depth  of 
submersion.  The  efficiency  was  17.7  per  cent, 
and  27.5  per  cent,  respectively.  The  original 
type  of  foot  piece  was  used.     See  Fig.  1. 

In  Test  D  a  14-inch  widening  to  16-inch 
diameter  tube  was  used. 
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The  ratio  Sub™™0n  was  increased  to  .-37a 

to  1. 

The  ratio  of  cubic  feet  of  tree  air  to  cubic 
feet  of  slimes  lifted  in  this  case  wa'S  reduced 
to  274  to  1.  the  efficiency  being  increased  to 
36- 15  per  cent. 

The  new  type  of  foot  piece  was  used  in  this 
test,  with  a  throat  diameter  of  13'  >  inches. 
See  Fig.  2. 

Test    E. — A     i-'-inch     widening    to     14-inch 
diameter  tube  was  vised. 
Submersion 


The  ratio 


Lift 


being   increased    1  77 


to  1.  The  consumption  of  free  air  per  cubic 
foot  of  slimes  lifted  was  further  reduced  to 
264  to   1. 

Tt  will  he  noticed  thai  in  this  test  the  sub 
mersion  was  considerably  greater  than  in  Tests 
B,  C  and  D.  This  increased  submersion  neces- 
sitated the  increase  of  the  working  air  pres- 
sure from  15  pounds  to  22  pounds.  Pressure 
being  an  important  factor  in  obtaining  the  air 
horse-power  accounts  for  the  decrease  in  the 
efficiency  to  30.55  per  cent,  as  compared  with 
Test  D.  The  foot  piece  used  in  this  case  was 
the  same  type  as  in  Test  1  >.  but  with  n'j 
inches  throat  diameter. 

Summary,  Tabic  I. — These  tests  can.  under 
tin  circumstance-,  hardly  be  taken  as  compar- 
ative, but  more  as  progressive,  for  in  each  test 
tin   conditions  were  altered. 

t-,  Submersion  .     ,,    .   ., 

The  ratio  suggests  that  there  is 

Lift 

a  point  where,  under  certain  conditions,  a  max- 
imum efficiency  can  be  obtained.  However, 
later  tests  show  this  more  clearly.  Another 
detail  shown  to  be  of  importance  is  the  throat 
velocity. 

Tabic  II.  Tests  I  and  M. — These  two  tests 
were  carried  out  on  the  same  day.  Test  I:  a 
12  inch  widening  to  a  14  inch  diameter  tube, 
and  in  Test  M  a  14  inch  widening  to  a  16  inch 
diameter  tube  being  used.  The  ratio  of  sub- 
mersion to  lift  being  1.8  to  1  and  1.06  to  I  re- 
spectively. Test  M  shows  a  decreased  con- 
sumption of  air  per  cubic  foot  of  slimes  and  an 
increased  efficiency  as  compared  with  Test  I, 
the  better  performance  being  obtained  with  the 
smaller  throat  velocity.  The  increased  effi- 
ciency is  very  small,  but  would  no  doubt  have 
been  greater  with  a  ratio  of  submersion  some- 
where about  the  same  as  Test  I. 


Table  III.  Tests  M.  S  ami  T.—In  these 
tests  it  will  be  noticed  that  the  ratio  of  submer- 
sion to  lift  is  varied  from  1.96  to  1  to  1.5  to  1; 
the  lift  being  kept  constant.  In  tests  S  and  T 
the  tube  was  raised  in  the  well  to  alter  the 
submersion — see  Fig.  3.  which  illustrates  this. 
The  size  of  the  tube  used  in  each  test  was  the 
same,  viz.,  one  14  inches  widening  to  16  inches 
diameter  with  the  same  size,  and  the  new  type 
of  foot  piece  with  i3T  j  diameter  throat.  The 
curves  shown  in  Fig.  4  show  the  effect  of  vary- 


Test. 

.. 

M. 

Date 

•27-9-06 

27-9-06 

Tube 

West 

East 

Number  and  size  of  tubes  used 

One  12  to  14in. 

One  14  to  16in. 

Submersion,  in  feet       

48-24 

52-528 

= 

Lift,  in  feet 

26-8 

26-8 

■5 

Ratio  submersion  to  lift 

1-8  to  1 

1-96  to  1 

^ 

Working  gauge  pressure,   in 

1 

lli.  .per  sq.  In. 

21-.. 

24-0 

'" 

Average   number   of    stamps 

running      

180 

180 

Kind  of  foot  piece 

Small,  Fig.  2 

Large,  Fig.  2 

Throat  diameter  of  foot  piece 

11  Jin. 

13Jin.~ 

Free  air  per  mill.,  in  cub.  ft. 
Free  air  per  min.  per  skimp. 

in  cub.  ft. 
Free  air  per  cub.  ft.  of  slime*, 

in  cub.  ft.  | 

Cub.  ft.  of  slimes  per  min. 
Cub.  ft.  of  slimes  per  stamp 

per  min 

Throat  velocity,  in  cub.  ft. 

per  second  .. 
Theoretical  horse-power 
Horse-power  per  cub.   ft.  of 

free  air  compressed 

Air  horse-power     ...     i 

Efficiency,  per  cent 


2-4S 
:;.;u 


822-5 
4  ■  50 


2-28 

■JoO 


2 

2 

S-34 
18-49 

6-03 

18-49 

•063 

56-26 

■  068 

55-93 

32-7 

33  1 

TABLE     II. — AIR     LIFT     TESTS     AT     ANGELO     SLIMES 
PLANT. 

ing  the  ratio  of  submersion  to  lift.  Values  be 
ing  plotted  for  given  free  air  consumption  per 
cubic  foot  of  pulp,  and  also  for  efficiencies  at 
different  ratios,  the  efficiency  and  consumption 
of  air  as  ordinates  and  ratios  of  submersion 
to  lift  as  abscissa.'.  Tt  will  be  noticed  that  the' 
point  of  maximum  efficiency  under  the  condi- 
tions of  test  is  where  the  ratio  =  1-83  to  I, 
giving  an  efficiency  of  36.2  per  cent.  It  will 
.also  be  seen  that  the  free  air  consumption 
curve  becomes  almost  flat  after  this  ratio  is  in- 
creased. The  ratio  of  air  to  pulp  not  decreas- 
ing after  this  point,  and  the  submersion  in- 
creasing, the  working  air  pressure,  and.  of 
course,  the  air  horse -power  per  cubic  foot  of 
free  air.  is  increased,  this  decreasing  the  effi- 
ciency 

Table  IV.  Tests  M,  A.  O,  P,  Q  and  R  — 
This  series  of  tests  was  c;  rried  out  on  the 
same  day.      The  same  sizes  of  tube,   foot  piece 
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and  throat  diameter  were  used,  the  same  num- 
ber of  stamps  were  running — therefore  the  cu- 
bic feet  of  pulp  to  be  lifted  or  dealt  with  per 
minute  was  constant — and  the  same  throat 
velocity  was   attained,   the  varying  conditions 


Table  V.  Tests  I,  /,  K  and  L. — The  condi- 
tions of  this  test  are  very  similar  to  those  in 
Table  IV.  The  ratio  of  submersion  to  lift 
varying  from  i-8  to  i  to  1-41  to  1.  The  size 
of  tube   was  different,  the  tube  used  being  a 


Table  HI.— Air  Lift  Tate  at  Angela  Slhu*  Planl. 


Test. 


S. 


Date        

Tube       

Number  and  size  of  tubes  used        

Submersion,  in  feet     

Lift,  in  feet 

Ratio  submersion  to  lift     

Working  gauge  pressure,  in  lb.  ]>er  square  inch 

Average  number  of  stamps  running       

Kind  of  foot  piece       

Tbf oat  diameter  of  foot  piece 


J  27-9-06 
. !  East 
.  One  14  to  16in 


52-528 

26-8 

1-96  tot 

24 

180 

Large,  Fig.  2 

13Jin. 


2-10-06 

East 

One  14  to  16in. 

46-0 

26-8 

1-75  to  1 

21-5 

187 

Large,  Fig.  2 

13£in. 


Free  air  per  minute  in  cubic  feet    

Free  air  per  minute  per  stamp  in  cubic  feet 

Free  air  per  cubic  foot  of  slimes,  in  cubic  feet     ... 

Cubic  feet  of  slimes  per  minute       

Cubic  feet  of  slimes  per  stamp  per  minute   

Throat  velocity,  in  cubic  feet  per  second       

Theoretical  horse-power     

Horse-power  per  cubic  foot  of  free  air  compressed 
Air  horse-power 

Efficiency,  per  cent 


822-5 
4-56 
2-28 
360 
20 
6  -03 
18-49 
•068 
55-93 


33-1 
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3-10-06 

East 

One  14  to  16in. 

40-2 

26-8 

1-5  to  1 

18-75 

175 

Larg«,  Fig.  2 

13}in. 


841-3 
4-50 
2-33 
360 
1-92 
6-03 
18-49 
•063 
53002 


899-3 
5-13 
2-81 
320 
1-82 
5-36 
16-44 
057 
51-26 


34-8 


32  0 


being  the  submersion  and  lift.  The  ratio  sub- 
mersion to  lift  varied  from  1-96  to  1  to  i-oi  to 
1.  The  consumption  of  air  to  slimes  varied 
from  2.28  to   7.83   cubic  feet  of  free   air  per 


12  inches  widening  to  14  inches  diameter.  The 
foot  piece  was  the  same  size  new  type.  The 
difference  of  throat  area  raised  the  velocity 
to  8.3  feet  per  second  compared  with  6.03  feet 


Test. 

Iff. 

N. 

0. 

P. 

Q- 

II. 

Date     

27-9-06 

27-9-06 

27-9-06 

27-9-06 

27-9-06 

27-9-06 

Tube    

East 

East 

East 

East 

East 

East 

Number  and  si/.o  of  tubes  Used 

One  14  to  16in. 

One  14  to  16in. 

One  14  to  ldin. 

One  14  to  16in. 

One  14  to  16in. 

One  14  to  16in. 

jjj 

Submersion,  in  feet... 

52-628 

46-292 

45-696 

43-978 

3»-895 

39-895 

; 

Lift,  in  feet 

26-8 

32-6 

33-0 

35-9 

39-5 

39-5 

-5 

Ratio  submersion  to  lift ... 

1-96  to  1 

1-42  to  1 

36  to  1 

1-22  to  1 

101  tol 

1-01  to  1 

\\  orking  gauge  pressure,  in  lb.  per 

-" 

square  inch 

24 

"J2 

21-5 

•>o 

19 

18 

Average  number  of  stamps  running 

180 

180 

180 

180 

180 

180 

Kind  of  foot  piece   

Large,  Fig.  2 

Large,  Fig.  2 

Large.  Fig.  2 

Large.  Fig.  2 

Large,  Fig.  2 

Large,  Fig.  2 

Throat  diameter  of  foot  piece 

13^in. 

l-jjin. 

13iin. 

13iin. 

13.Mn. 

ly.Un. 

Free  air  per  minute,  in  cubic  feet 

822-5 

1175 

1410 

1880 

2350 

2820 

Free  air  per  minute  per  stamp,  in 

cubic  feet     

4-56 

6-52 

7-83 

10-4-1 

13  -o: 

15-66 

Free  air  per  cubic  foot  of-slimes,  in 

.' 

cubic  feet     

2-28 

3-2t; 

3-91 

h' 'SI 

6-53 

7-83 

= 

Cubic  feet  of  slimes  per  minute   .  . 

360 

360 

360 

360 

360 

360 

| 

Cubic  feet  of  slimes  per  stamp  per 

g 

minute 

'> 

2 

•J 

•) 

2 

2 

T 

Throat  Telocity,  in  cubic  feet  per 

-" 

second  ...            

6-03 

6-03 

6-03 

6-03 

0-03 

6-03 

Theoretical  horse-power 

18-49 

22  -4'.' 

23-18 

21-77 

27-25 

27-25 

Horse-power  per  cubic  foot  of  free 

air  compressed   . . . 

.068 

•064 

•063 

•  060 

-058 

•055 

Air  horse-power        

Efficiency,  per  cent 

55-93 

75  -2 

88-83 

112-8 

136-3 

155-66 

33-1 

20.8 

26- 1 

22-0 

200 

17-5 

cubic  foot  of  pulp,  and  the  efficiency  from  33.1 
per  cent,  to  17.5  per  cent.  The  tests  seem  to 
show  pretty  clearly  that  the  most  economical 
ratio  is  somewhere  in  the  vicinity  of  106  to  I 
under  these  conditions. 


per  second  in  tests  of  Table  IV.  The  average 
efficiency  obtained  was  less  than  the  average 
efficiency  between  the  same  limits  of  ratio  sub- 
mersion to  lift  in  Table  IV..  thus  suggesting 
that  the  throat  velocity  in  the  tests  of  Table  V. 
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were  too  high.  The  same  suggestion  arises  on 
comparing  tests  D  and  E,  Table  I.,  where  the 
velocities  are  4.855  and  7-39  feet  per  second 
and  the  efficiencies  36-15  per  cent,  and  30.55 
per  cent,  respectively. 


and  were  designed  for  much  greater  duties ; 
the  revolutions  were  therefore  very  low,  and 
better  results  would  have  been  obtained  with 
small  compressors  driven  by  belts  from  the 
battery  line  shafts. 


Test. 

I. 

J. 

K. 

L. 

Date 

27-9-06 

27-9-06 

27-9-06 

27-9-06 

Tube 

West 

West 

West 

West 

Number  and  size  of  tubes  used 

One  12  to  14in. 

One  12  to  14in. 

One  12  to  141n- 

One  12  to  14in. 

c 

Submersion,  in  feet       

48-24 

45-44 

44-51 

43-85 

•js 

Lift,  in  feet     

26  8 

29-7 

30-T 

31-1 

•a 

Ratio  submersion  to  lift       

1-8  tol 

1-53  tol 

lib  tol 

1-41  tol 

0 

Working  gauge  pressure,  in  lb.  per  square  inch 
Average  number  of  stamps  running 

21-5 

20-7 

20-5 

20 

180 

180 

180 

180 

Kind  of  foot  piece 

Small,  Fig.  2 

Small,  Fig.  2 

Small,  Fig.  2 

Small,  Fig.  2 

Throat  diameter  of  foot  piece    

lljin. 

lljin. 

lHin. 

lljin. 

Free  air  per  minute,  in  cubic  feet     

80S 

1222 

1410 

1880 

Free  air  per  minute  per  stamp,  in  cubic  feet 

1-96 

6-78 

7-83 

10-44 

0 

Free  air  per  cubic  foot  of  slimes,  in  cubic  feet      

2-48 

3-39 

3-91 

5-22 

§ 

Cubic  feet  of  slimes  per  minute  .. 

360 

360 

360 

360 

a 

Cubic  feet  of  slimes  per  stamp  per  minute      

20 

20 

20 

2-0 

,0 

Throat  velocity,  in  cubic  feet  per  second 

8-34 

8-31 

8-31 

8-31 

5 

Theoretical  horse-power 

18-49 

20-49 

21-18 

21*45 

■— 

Horsepower  per  cubic  foot  of  free  air  compressed 

•063 

•0612 

•061 

•06 

Air  horse-power      

Efficiency,  per  cent 

56-26 

74-78 

S6-01 

112-8 

32-7 

27-35 

24-65 

190 

TABLE    V. — AIR    LIFT    TESTS    AT   ANGELO  SLIMES   PLANT. 


Two  tests,  shown  in  Table  VI.,  were  carried 
out  on  the  Cason  property,  one  each  with  one 
of  the  sands  and  one  of  the  slimes  tubes.  The 
same  methods  were  employed  as  in  the  An- 
gelo  tests,  with  the  exception  that  the  meas- 
urements of  the  pulp  were  determined  by  di- 
verting the  flow  into  the  well  of  an  idle  "lift" 
which  had  been  previously  calibrated.  The  fol- 
lowing additional  details  were  determined. 

Specific  gravities. — The  specific  gravity  of 
the  slimes  was  taken  as  in  the  Angelo  tests ; 
that  of  the  sands  was  found  to  be  1.033,  or 
64.56  pounds  per  cubic  foot.  The  theoretical 
horse-power  was  calculated  on  this  basis.  The- 
oretical horse-power  for  sands  lifted  : — 

Quantity  of  sands  by  64'56  X  lift  In  feet 


There  is  ample  proof  in  the  tests  as  tabu- 
lated that  the  air  lift  is,  if  carefully  designed 


Theo.   H.  P.   = 


33,000 
33^000  X  Q  X  ;'2 


=  Cx  X  Q  X  h2  = 

=  -001956  X  Q  X  ''2. 

"Sands"  means  the  mixture  of  crushed  ore 
and  water  coming  from  the  reduction  plant, 
from  which,  however,  the  "slimes"  have  been 
removed. 

It  will  be  seen  from  the  tests  that,  under  the 
best  conditions,  an  efficiency  of  close  upon  40 
per  cent,  of  the  indicated  horse-power  in  the 
steam  cylinders  of  the  air  compressor  was  re- 
turned as  work  performed  in  lifting  the  pulp. 
The  tests  were  handicapped  by  the  fact  that 
the  air  compressors  used  were  far  too  large, 


Tea. 

1. 

-'. 

Where  ri        

Sands  Plant 

Slimes  I'lnul 

Dati          

21-7-07 

26-7-07 

Tulo                        

North 

Kasl 

Number  ;md  size  of  lubes    ...  One  12  to  Mill. 

Out  lH  to  Itiii 

Submersion,  in  feet       

78-17 

;'.7-54 

c 

Lift,  in  feet     

43-0 

17-33 

■J3 

Ratio  submersion  to-lift 

1-817  to  1 

2-lfiKU-  1 

-3 

Working  gauge  pressure,  in 

O 

lb.  per  sq.  in.    

:;i-:, 

H./fCi 

*-* 

Average  number  of    stamps 

running 

21fi 

210 

'Number  of  tube  mills  runningi 

2 

2 

Kind  of  foot  piece 

Small.  Fig.  2 

Large,  Fig.  - 

Throat  diameter  of  foot  piece 

ll'in. 

13!,in. 

Free  air  per  min:,  in  cub.  ft. 

892-.'. 

1 

854-57 

Free  air  per  min.  per  stamp, 

in  cub.  ft 1 

4-155 

-1  07 

Free  air  per  cub.  ft.  of  pulp, 

b 

in  cub.  ft.  v 

2-418 

1-871 

g 

Cub.  ft  of  pulp  per  min.     ... 

369 

456-7 

Cub.   ft.   of  pulp  per  stamp: 

per  min 

1-71 

2-17 

in 

Throat  velocity,  in  cub.  ft. 

c 

per  second : 

8-526 

7  612 

Theoretical  horse  power 

81-05 

15  182 

'  Horse-power  per  cub    It.  ol 

free  air  compressed 

088 

04. 7.- 

Air  horse-power 

Efficiency,  per  cunt.      

TS-54 

40-706 

39  5 

37-206 

TABLE  VI. — AIR  LIFT  TESTS  AT  CASON  SLIMES  AND 
SANDS  PLANTS. 

for  stated  conditions,  sufficiently  efficient  to 
make  it  a  healthy  competitor  of  the  ordinary 
tailings  wheel,  and  it  is  proved,  beyond  ques- 
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tion,  more  suitable  than  the  tailings  pump.  The 
capital  cost  of  a  duplicate  equipment  of  air 
lifts  is  very  low  compared  with  that  of  wheels 
or  pumps,  provided  low-pressure  air  compres- 
sors, driven  from  the  mill  shaft,  are  employed. 
As  the  lifts  and  compressors  would  be  in 
duplicate,  the  stoppage  of  work  due  to  break- 
downs of  the  pulp  lifting  devices  is  avoided, 
and  one  day's  stoppage  per  annum  would  more 
than  cover  any  increase  in  power  costs.  There 
is  the  further  advantage  that  any  large  increase 
in  the  amount  of  material  to  be  lifted  does  not 
necessitate  the  rejection  of  the  plant  installed, 
as  tubes  of  sufficient  capacity  to  meet  the  in- 
creased demand  can  be  added  to  the  installa- 
tion, and  two  or  more  tubes  run  in  parallel. 
Except  as  an  emergency  pump  the  air  lift  is 
too  inefficient  to  replace  power  pumps  for 
pumping  clean,  pure  water.  For  dirty  or  acid 
water,  sands  or  slimes,  under  comparatively 
low  heads,  it  is  a  most  valuable  device,  and,  if 
properly  arranged,  is  hard  to  beat.  If  not 
properly  designed  it  is  a  tremendous  power 
«ater.  This  latter  characteristic  is  well  exem- 
plified by  the  fact  that  if  the  contents  of  the 
well  become  aerated,  through  compressed  air 
leaking  back  from  the  foot  piece,  a  practically 
unlimited  amount  of  compressed  air  will  be 
absorbed  by  the  lift,  and  the  discharge  from 
the  tube  will  be  of  the  nature  of  a  fine  spray 
blown  out  by  the  air.  Under  such  circum- 
stances it  can  be  well  understood  that  the  effi- 
ciency of  the  plant  would  drop  to  an  almost 
negligible  quantity.  It  can  be  accepted  as  an 
axiom  with  air  lifts  that  unless  the  discharge 
is  a  comparatively  steady  flow,  free  from  pul- 
sations, the  best  results  are  not  being  attained 
and,  in  all  probability,  the  ratios  of  lift  and 
submersion  are  not  correctly  proportioned. — 
The  Engineer,  London. 


MINE  VENTILATION 

It  is  generally  considered  that  a  miner  re- 
quires 20  cubic  feet  of  air  per  minute,  and  a 
horse  90  cubic  feet,  but  allowing  for  the  air 
necessary  to  drive  away  fumes  of  explosives, 
the  products  of  combustion  from  lights  and 
other  impurities,  a  much  larger  quantity  of 
fresh  air  is  required.  In  Prussia  70  cubic  feet 
of  air  per  minute  is  allowed  for  each  man ; 
the  Victorian  Mining  Act  requires  the  same 
amount.  Pure  air  may  be  considered  to  con- 
sist of  79  per  cent,  of  nitrogen  by  volume  and 


21  per  cent,  of  oxygen.     As  a  matter  of  fact, 
it  also  contains  small  quantities  of  other  gases, 
chiefly   carbon    dioxide.      One    should   aim   at 
keeping  the  percentage  of  carbon  dioxide  as 
low   as   possible,   and   the   oxygen    above  20.5 
per  cent.     Mine  air  may  be  fouled  by  gases 
given  off  by  rocks  and  minerals,  such  as  car- 
bon dioxide,  sulphurous  anhydride,  marsh  gas 
from  decaying  timber,  light,   fuel,   respiration 
of  man  and  beast,  perspiration,  want  of  proper 
sanitary    arrangements,     and     from     blasting, 
which  gives  off  carbon  dioxide,  carbon  monox- 
ide and  nitrous  fumes.     An  increase  in  tem- 
perature  due   to   depth,   heat   from   the  body, 
combustion,  exhaust  steam,  steam  pipes,  chem- 
ical   decomposition — all    require    extra    air    to 
make    life    below    ground    healthy.      Some    of 
these    vitiating    causes    may,    and    should    be, 
greatly    mitigated.      For    instance,    proper    at- 
tention to  sanitary  arrangements,  the  destruc- 
tion of  old  timber  and  the  barking  of  timber 
instead  of  leaving  it  to  rot  underground,  and 
seeing  that  good  explosives  are  employed  and 
properly  fired.     The  method  of  working  a  de- 
posit may  greatly   facilitate  ventilation.     The 
problem   of   ventilating   a    lode   mine   is    quite 
different  to  that  of  a  bed  mine  such  as  a  coal 
seam  or  deep  lead.     Lode  mines  are  more  or 
less    vertical,    and,    from    their    nature,    have 
several  outlets  to  the  surface ;  a  bed  mine  is 
generally  under  cover,  so  that  the  inlet  and 
outlet  air  has  to  pass  through  certain  artificial 
passages   which  can  be   regulated  as   desired. 
To  force  air  into  or  suck  it  out  of  an  ordinary 
lode  mine  would  cause  short-circuiting  unless 
pipes  were  used  direct  to  the  place  to  be  ven- 
tilated, but  in  bed  mining  the  cover  generally 
acts    as    an    effectual    preventive    for    natural 
short-circuiting.     Therefore,  while  it  is  fairly 
easy  to  supply  a  given  quantity  of  air  per  man 
in  a  colliery,  it  is  by  no  means  so  easy  in  a 
lode   mine ;    for  though    the  air  may  be   pro- 
vided at  its  source,  in  most  cases  it  will  be 
dissipated   before   reaching   the    desired    point 
if    discharged    direct    into    underground    pas- 
sages.    The  ventilation  of  mines  may  be  nat- 
ural,  assisted  natural,   or   artificial.     In    diffi- 
cult cases,  artificial  means  have  to  be  resorted 
to.     These  generally  consist  of  some  form  of 
fan,  which  induces  a  large  current  of  air  at  a 
low    pressure.      Certain    principles    governing 
ventilation  may  be  laid  down,  but  how  they 
are  to  be  applied  depends  on  local  conditions 
in  each  instance. 
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THE    ATLANTIC    OCEAN    AS    AN 
AIR    COMPRESSOR 

The  tides  in  their  rise  and  fall  suggest  in 
that  action  an  unlimited  and  unfailing  source 
of  power.  The  utilization  and  convenient  em- 
ployment of  this  power  has  been  an  engineer- 
ing problem  of  the  ages,  and  up  to  the  present 
little  practical  success  lias  been  achieved.  The 
power,  while  costing  nothing  in  itself,  still 
must  involve  large  expenditure  for  the  ar- 
rangements made  and  the  means  employed  for 
its  development  and  transmission.  One  of  the 
most  interesting,  and  we  may  say  also  most 
promising  of  these  schemes  of  utilization  is 
that  now  under  way  at  Rockland,  Maine,  un- 
der the  impetus  and  direction  of  a  competent 
and  experienced  engineer.  Mr.  W.  O.  Webber, 
of  Boston,  who  has  presented  a  concise  ac- 
count of  his  undertaking  in  a  recent  issue  of 
the  American  Machinist.  This  account,  some- 
what abridged,   we  here   reproduce. 

This  is  not  an  application  of  the  Taylor 
system  of  air  compression,  which  has  Keen  so 
successfully  employed  at  several  waterfalls  in 
different  parts  of  the  country,  but  is  really  a 
return  to  the  older  methods  of  Frizell,  with 
modern   improvements. 

Careful  experiments  upon  a  large  working 
model  erected  at  South  Thomaston,  Maine, 
las  summer,  have  fully  demonstrated  the  pe- 
culiar application  necessary  to  the  utilization 
of  the  flow  between  large  tidal  basins  and  the 
ocean,  and  have  demonstrated  that  an  economi- 
cal compression  of  air  can  be  accomplished 
with  much  less  differences  in  water  level  than 
was  claimed  by  Frizell.  At  South  Thomaston, 
Maine,  there  is  a  tidal  basin  with  an  area  of 
slightly  over  a  square  mile.  The  average  rise 
and  fall  of  the  tide  at  this  point  is  10  feet. 
Tin's  would,  therefore,  realize  about  5,000 
horse-power  on  the  basis  of  75  per  cent,  ef- 
ficiency of  the  compressing  apparatus,  which 
should  be  easily  obtained,  as  the  tests  of  the 
other  plants  mentioned  have  given  much  higher 
values. 

The  "bead  of  fall."  or  the  difference  of  level 
in  the  case  of  tidal  flow,  simply  governs  the 
ratio  of  air  that  can  be  entrained  with  a  given 
volume  of  water,  and  has  nothing  to  do  with 
the  pressure.  The  depth  below  the  surface  at 
which  the  separation  of  the  entrained  air  from 
the  water  takes  place,  governs  the  pressure. 
and  it  has  been  demonstrated  that  with  a  fall 
of  35  feel  tin    highest  ratio  of  efficiency  can  be 


obtained,  that  is,  the  maximum  ratio  of  air  to 
water. 

It  is  easily  practicable  to  arrange  for  stor- 
age chambers,  connected  with  the  separating 
chamber,  sufficiently  large  to  store  air  to  the 
average  capacity  of  the  compressor,  to  cover 
the  period  of  time  at  flood  and  ebb  tide  when 
the  compressor  would  either  not  work  at  all  or 
at  such  low  efficiencies  as  to  be  commercially 
worthless. 

It  is  practicable  to  transmit  compressed  air 
through  pipes  to  long  distances  with  compara- 
tively slight  losses.  The  leakage  is  negligible. 
As  hydraulically  compressed  air  contains  no 
entrained  moisture,  the  frictional  resistance  is 
remarkably  low,  and  velocities  of  50  to  70  feet 
a  second  are  admissible.  The  cost  of  pipe 
lines  is  not  greatly  in  excess  of  electrical  trans- 
mission  lines  when  the  cost  of  step-up  and 
step-down  transformers  for  high  voltage  is 
taken  into  consideration. 

There  are  many  tidal  basins  along  the  coasts 
of  the  temperate  zones  between  the  fortieth 
and  fiftieth  parallels  of  latitude  which  are  com- 
mercially capable  of  development  in  this  man- 
ner with  an  unfailing  source  of  power.  This 
power  can  be  made  available  for  many  miles 
inland  from  the  shore  at  a  comparatively  low 
cost  and,  with  the  single  exception  of  lighting, 
can  be  turned  into  useful  work  in  its  original 
form  in  strict  competition  with  electrical 
power. 

Work  will  begin  at  Rockland  early  next 
spring  on  the  construction  of  the  dam.  laying 
the  pipe  lines  to  the  quarries  of  the  Rockland 
Rotkport  Lime  Company,  to  the  power-house 
of  the  Rockland,  Thomaston  &  Camden  Street 
Railway  and  also  to  several  cities  in  whose 
streets  distribution  mains  will  be  laid  the  same 
as  gas  pipes.  It  is  expected  that  the  plant 
will  be  completed  in  the  fall  of  1908. 

THE    ROCKLAXD    DEVELOPMENT. 

Fig.  1  shows  details  of  the  lock  and  inlet  and 
outlet  gates.  Fig.  2  a  partial  general  plan  and 
section  of  the  complete  construction  at  the 
same  point.  The  maximum  tide  is  10.6,  mean 
tide  0.4  and  minimum  tide  7.9  feet,  giving,  re- 
spectively 5.000.  4,000  and  3,000  horse-power. 
In  this  dam,  where  the  main  channel  is  navig- 
able, will  be  a  lock  for  vessels  40  feet  wide 
by  200  feet  long  and  28  feet  deep.  On  either 
side  of  this  lock  will  be  one  or  more  sets  of 
shafts,  each  set  making  a  unit  or  compressor 
of  1,000  or  more  horse-power.  These  shafts 
will  be  sunk  into  the  rock  to  a  depth  of  203.5 
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feet  below  mean  low  water,  the  down-flow 
shaft  being  15.75  feet  in  diameter,  the  up-flow 
shaft  35.65  feet  in  diameter.  The  inflow  gates 
will  be  five  in  number  and  10  feet  wide.  The 
outflow  gates  will  be  six  in  number  and  10 
feet  8  inches  wide. 


water  and  accumulate  in  the  upper  part  of  the 
separating  chambers.  The  water  will  then  flow 
up  the  up-take  shaft  at  a  velocity  of  3  feet 
per  second  and  out  through  the  out-flow  gates. 
The  air  entrapped  in  the  air  chamber  is  then 
under  a  head  of  water  about  195.5  feet  high, 


The  water  on  entering  the  inflow  gates  will 
swing  them  open,  pass  down  the  down-flow 
shaft  at  a  velocity  of  16  feet  per  second  and 
draw  in  air  through  about  1.500  half-inch  inlet 
tubes.  At  tlie  bottom  of  the  shaft  the  com 
bined  air  and  water  will  flow  in  both  directions 
horizontally ;    the    air    will    separate    from    the 


varying  slightly  with  the  height  of  the  tide. 
This  compressed  air  is  then  led  up  the  up- 
flow  shaft  in  a  14-inch  pipe.  At  the  top  of  the 
gates  these  14-inch  pipes  are  united  into  a  30- 
inch  main  which  conveys  the  air  ashore. 

The  air  thus   compressed   will  contain   only 
about    one-sixth    the    moisture    that    is    in    the 
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atmosphere  from  which  the  air  is  drawn,  ow- 
ing to  the  absorption  of  the  moisture  in  the 
compressed  air  by  the  surrounding  water.  This 
dryness  makes  the  air  particularly  adaptable . 
for  transmission  in  pipes  to  a  considerable  dis- 
tance without  undue  friction.  For  instance, 
the  whole  5,000  horse-power  could  be  trans- 
mitted a  distance  of  1  mile  in  a  30-inch  pipe 
with  a  loss  of  only  1.5  pounds  pressure,  or  10 
miles  in  a  48-inch  pipe  with  only  a  loss  of  2.5 
pounds  pressure.  This  air  can  be  used  cold 
without  danger  of  freezing  in  expanding  in  en- 
gines or  rock  drills.  A  test  was  made  on  an 
80  horse-power  Corliss  engine  in  which  the  en- 
tering air  was  at  a  temperature  of  5.3  degrees 
Fahrenheit  and  the  exhaust  at  minus  40  de- 
grees   Fahrenheit.      The    engine    ran    for    10 


construction   will   amount  to  $100  per  horse- 
power. 

It  is  a  rather  curious  fact  that,  as  a  rule,  in 
the  temperate  zones  where  the  population  is 
largest  the  maximum  rise  and  fall  of  the  tide 
occurs.  This  maximum  tidal  action  results  in 
the  "wearing  out"  or  excavating  by  means  of 
tidal  abrasion  of  basins  in  the  coast,  usually 
with  a  comparatively  narrow  outlet,  conditions 
which  are  necessary  for  an  economical  devel- 
opment of  a  tidal  air-compressing  plant.  Each 
acre  of  such  basin  under  a  9-foot  tide  is  cap- 
able of  producing  5  horse-power.  It  is  not 
commercially  feasible  to  develop  such  a  plant 
with  a  basin  containing  much  less  than  200 
acres,  or  requiring  a  length  of  dam  exceeding 
3  feet  per  acre  of  pondage. 
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hours  without  the  slightest  sign  of  frost  in  the 
exhaust  ports,  passages  and  pipes.  A  marked 
economy,  however,  is  obtained  by  preheating 
this  air  immediately  before  using  it. 

There  are  no  working  parts  in  the  compres- 
sor, therefore  little  depreciation  and  operating 
expense  to  be  taken  into  account,  excepting  a 
watchman  to  prevent  depredations  on  the  plant, 
keep  ice,  floating  timbers  and  debris  from  per- 
manently obstructing  the  inlet  racks  and  to 
operate  the  boat  lock.  Therefore,  the  cost  per 
horse-power  is  practically  represented  by  the 
interest  on  the  original  investment  and  the 
wages  of  these  watchmen.    The  cost  of  original 


RECENT    HIGH     PRESSURE    GAS 

INSTALLATIONS     AT    SAN 

FRANCISCO  AND  ITS 

VICINITY 

The  following  is  a  paper,  nearly  complete, 
read  at  a  recent  meeting  of  the  Pacific  Gas 
Association  by  Mr.  E.  C.  Jones,  chief  engineer, 
Gas  Dept,  California  Gas  and  Electric  Cor- 
poration and  San  Francisco.  Gas  and  Electric 
Company : 

In  the  early  days  of  gas  lighting  on  the  coast 
there  was  a  small  coal-gas  works  at  San  Mateo, 
twenty-one    miles    from    San    Francisco,    and 
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later  on  an  oil-gas  plant  was  built  at  Redwood 
City.  After  the  usefulness  of  high-pressure 
systems  had  been  demonstrated,  a  high-pres- 
sure line  consisting  of  2?/2-inch  extra  heavy 
pipe,  with  line  pipe  sockets,  was  laid  from  Red- 
wood City  to  San  Mateo,  8.2  miles.  On  this 
pipe  a  pressure  of  from  10  to  30  pounds  is 
maintained,  depending  upon  the  demand  for 
gas.  This  line  feeds  into  a  high-pressure  dis- 
trict in  San  Mateo,  which  includes  63,490  feet 
of  1  and  2-inch  pipe.  The  consumers  in  this 
town  are  served  with  gas  through  high-pres- 
sure regulators  at  the  inlet  of  each  meter.  This 
permitted  the  shutting  down  and  dismantling 
of  the  San  Mateo  gas  works. 

A  high-pressure  system  was  also  installed  at 
Redwood  City,  consisting  of  5,410  feet  of  steel 
pipe  in  small  sizes.  This  is  used  in  conjunction 
with  a  low-pressure  system  at  Redwood  City 
fed  from  the  gas  works  by  one  governor,  re- 
ducing the  pressure  to  4  inches  of  water.  The 
work  of  compressing  the  oil  gas  at  Redwood 
City  was  performed  by  a  steam-driven  com- 
pressor, with  suitable  governors  for  regulating 
the  high  pressure  of  San  Mateo  and  the  high 
and  low  pressure  mains  of  Redwood  City. 

During  the  earl}'-  part  of  1905  Palo  Alto,  a 
city  of  4,500  inhabitants,  five  miles  south  of 
Redwood  City,  was  piped  for  gas  with  small, 
high-pressure  mains,  using  individual  govern- 
ors. This  work  was  done  by  the  Palo  Alto 
Gas  Company.  This  new  company  purchased 
its -supply  of  gas  from  the  Redwood  City  plant. 
To  supply  this  district,  3-inch  outside  diameter 
steel  tubing,  26.365  feet  in  length,  was  laid  in 
the  country  road,  and  four  storage  tanks.  29T^ 
feet  in  length  by  4x/2  feet  in  diameter,  were  in- 
stalled at  the  Palo  Alto  end  of  the  line. 

In  casting  about  for  a  suitable  place  to  locate 
the  storage  tanks  at  Palo  Alto,  it  occurred  to 
the  writer  that  it  was  not  necessary  to  purchase 
or  rent  real  estate  for  the  purpose  of  placing 
gas  storage  tanks  above  ground,  as  many  gas 
companies  all  over  the  world  are  occupying 
the  streets  with  gas  mains  of  greater  diameter 
than  these  storage  tanks.  The  tanks  were, 
therefore,  placed  under  ground  in  a  tandem 
sequence  closely  surrounded  by  earth,  the  regu- 
lators occupying  spaces  between  the  tanks  in 
neat  boxes  with  covers  flush  with  the  surface 
of  the  ground.  This  arrangement  is  both  safe, 
inoffensive  and  economical.  This  high-pres- 
sure line  is  operated  under  pressure  varying 
from  40  to  60  pounds,  and  to  insure  continuous 
service  it  became  necessarv  to  install  an  elec- 


trically-operated compressor  at  the  Redwood 
City  plant,  retaining  a  gas-engine-driven  com- 
pressor as  a  reserve. 

To  improve  the  service,  and  to  permit  of  bet- 
ter regulation,  a  storage  tank  was  installed  at 
the  Redwood  City  works,  and  into  this  tank  all 
the  gas  used  by  Redwood  City,  San  Mateo  and 
Palo  Alto  was  pumped.  The  gas  was  liberated 
through  separate  governors,  giving  to  each  of 
the  three  places  the  required  pressure.  At 
that  time  the  effect  of  compression  on  candle 
power  was  being  widely  discussed  and  was 
but  little  understood.  All  that  was  known  was 
that  the  illuminating  value  of  the  gas  suffered 
almost  directly  proportionally  to  the  increase 
in  pressure. 

EFFFXT    OF    COMPRESSION    ON    THE    GAS. 

It  was  evident  that  the  raising  of  the  pres- 
sure to  60  pounds  on  the  Palo  Alto  line  re- 
duced the  candle  power  4.6  candles.  The  com- 
pression liquid,  depending  in  quantity  on  ther- 
mal conditions  and  the  amount  of  pressure, 
was  being  drawn  out  of  the  drips  on  the  line. 
This  liquid  consisted  of  water,  naphthaline, 
and  a  high  grade  of  benzol.  This  benzol  repre- 
sented the  cream  of  the  candle  power  of  the 
gas,  and  consisted  of  the  least  stable  and  most 
sensitive  hydrocarbons  which  were  squeezed 
out  of  the  gas  by  compression. 

The  writer  inferred  that  the  compressed  gas 
at  60  pounds  pressure  was  nearly  free  from 
water,  and  was,  therefore,  in  the  best  condi- 
tion to  readily  and  quickly  take  back  into  itself 
the  hydrocarbons  which  had  been  squeezed  out 
of  it ;  also,  that  the  hydrocarbons  would  more 
readily  be  taken  up  and 'again  enter  into  the 
composition  of  the  gas  than  the  water  would 
be,  because  the  benzol  evaporates  so  much 
more  readily  than  doe?  water. 

The  physical  changes  in  the  gas  due  to  com- 
pression, and  to  the  restoration  of  the  candle 
power,  are  in  the  following  sequence :  The 
compressor  squeezes  out  the  water  and  some 
of  the  hydrocarbons,  and.  in  order  to  replace 
the  hydrocarbons,  it  becomes  necessary  to  keep 
the  gas  in  intimate  contact  with  the  fluid  re- 
sulting from  compression.  To  do  this  the 
writer  designed  an  extremely  simple  piece  of 
apparatus,  and  gave  it  the  name  of  auto-en- 
richer.  It  is  a  simple  cylinder,  preferably  of 
large  size,  into  which  all  of  the  compressed 
gas  and  the  fluid  of  compression  as  they  came 
from  the  compressor  enter  at  one  end  at  the 
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<np.  and  the  gas  is  taken  out  at  the  other  end 
at  the  top,  care  being  taken  that  the  passage 
of  the  gas  is  slow,  and  that  none  of  the  liquid 
Is  allowed  to  escape  from  the  auto-enricher  ex- 
cept as  it  is  taken  up  by  the  gas.  Such  a  re- 
enriching  tank  was  placed  underground  at  the 
Redwood  City  plant,  with  the  result  that  the 
candle  power  at  San  Mateo,  Redwood  City  and 
Palo  Alto  was  restored  to  its  original  condi- 
tion before  compression. 

Further  experiments  (which  were  subse- 
quently made  the  subject  of  a  paper  by  the 
writer,  read  before  the  American  Gas  Insti- 
tute) proved  that,  by  raising  the  compression, 
certain  physical  changes  took  place  in  the  gas, 
until  at  300  pounds  pressure  the  gas  was  com- 
pletely purified  from  sulphuretted  hydrogen 
and  naphthaline,  these  going  down  with  the 
compression  fluid  and  not  reappearing  in  the 
gas  when  the  benzol  is  taken  up  by  the  gas  in 
ihc  re-enriching  tank. 

LARGEST    OIL    GAS    PLANT. 

tn  1905  the  largest  oil  gas  plant  in  the  world 
was  designed  and  constructed,  on  new  lines,  at 
a  point  on  the  bay  of  San  Francisco  in  San 
Mateo  County,  in  close  proximity  to  the  San 
Francisco  border  line,  and  was  named  for  our 
president,  Martin  Station.  This  plant  was 
built  for  the  purpose  of  supplying  gas  to  a 
number  of  large  gas  engines  for  directly  gen- 
erating electricity.  Before  the  completion  of 
these  engines  the  gas  generating  plant  was  fin- 
ished and  started. 

To  utilize  this  enormous  plant  a  12-inch  steel 
tubing  was  run  along  the  country  roads  into 
San  Francisco,  and  connected  with  the  works 
of  the  San  Francisco  Gas  and  Electric  Com- 
pany at  the  Potrero  Station.  The  length  of 
this  line  is  4^  miles,  and  a  steam-driven  com- 
pressor was  used  for  transferring  the  gas.  This 
proved  so  satisfactory  that  it  became  the  nu- 
cleus of  the  largest  compression  plant  for  man- 
ufactured gas  in  existence.  Two  power-driven 
compressors  were  installed,  each  having  a  ca- 
pacity of  5,500,000  cubic  feet  of  gas  in  24  hours. 
Following  the  growth  of  this  plant,  the  gas 
engines,  three  in  number,  each  of  5,333  horse- 
power, were  completed  and  successfully  started. 
Between  Martin  Station  and  the  south  is  the 
high  ridge  of  the  San  Bruno  Mountains,  but 
west  from  Martin  Station  there  is  a  gap 
lb  rough  the  range,  which  permits  of  a  prac- 
tically level  outlet  into  the  county  roads  lead 


ing  from  San  Francisco  down  the  peninsula 
to  the  south.  It  required  the  earthquake,  which 
is  not  yet  effaced  from  our  memory,  to  bring 
out  the  fact  that  Martin  Station  is  a  desirable 
point  from  which  to  supply  gas  to  the  cities 
and  towns  of  the  peninsula  through  high-pres- 
sure mains. 

EARTH  QUAKE-PROOF    PIPING. 

The  peninsula  towns  were  directly  in  the 
path  of  the  earthquake's  greatest  destruction, 
but  as  the  high-pressure  mains  and  nearly  all 
the  distributing  mains  in  this  section  were  of 
wrought  iron,  not  the  slightest  damage  was 
done  to  the  distributing  system— this  is  true 
of  all  the  high-pressure  systems  in  California. 
No  wrought  iron  pipe  was  broken  and  no 
joints    were   disturbed. 

The  Redwood  City  gas  work-.,  however,  did 
not  fare  so  well.  The  boiler  settings  were 
badly  damaged,  and  the  gas-generating  ap- 
paratus was  moved  several  inches  on  its  foun- 
dation, while  all  cast-iron  connections  were 
more  or  less  damaged.  A  20,000  cubic  foot 
gasholder,  in  a  redwood  tank,  was  completely 
demolished.  This  adjustment  of  matters  by 
the  earthquake  made  it  much  easier  to  decide 
to  supply  this  district  from  Martin  Station. 

On  February  23,  1907,  the  work  of  laying  a 
4-inch  steel  tubing  from  Martin  Station  to  Red- 
wood City,  a  distance  of  125,295  feet,  or.  23.73 
miles,  was  begun.  The  inside  diameter  of  this 
tubing  is  ^.~  inches.  This  pipe  passes  through 
the  following  suburban  towns,  all  of  which  re- 
ceive gas  from  it :  Burlingame,  population 
900;  San  Mateo,  4,600;  Belmont,  500;  Red- 
wood City,  2,500;  Fair  Oaks.  250.  and  the  Palo 
Alto  extension,  including  Menlo  Park,  with  a 
population  of  1,200,  and  Palo  Alto,  4.500.  mak- 
ing a  total  population  of   14,450. 

This  high-pressure  line  was  laid  with  Dres- 
ser couplings,  using  rubber  gaskets,  the  flanges 
of  the  joints  being  drawn  up  tightly  and  even- 
ly to  prevent  the  contact  of  the  gas  with  the 
rubber  as  much  as  possible.  It  is  quite  impor- 
tant, in  using  this  patent  coupling,  that  the 
tightening  of  the  bolts  shall  proceed  evenly, 
so  that  the  flanges  may  remain  parallel.  Should 
one  side  of  the  flange  be  drawn  up  more  than 
another,  the  pressure  on  the  rubber  gasket  is 
uneven,  and  the  flange  is  apt  to  bind  on  the 
pipe  so  that  a  leak  is  almost  certain. 

The  painting  of  this  line  was  a  matter  of 
some  study,  as  it  has  previously  been  found 
that  red  lead  and  linseed  oil  of  the  best  quality. 
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although  offering  a  good  protection  to  the 
pipe,  would  not  withstand  the  attacks  of  either 
air  or  the  soil.  This  pipe  was,  therefore,  first 
thoroughly  cleaned  and  painted  with  one  coat 
of  red  lead  and  oil,  then  given  a  second  coat 
of  a  good  and  well-proven  metallic  gasholder 
paint  which  dries  with  a  hard,  shiny  finish. 
It  is  hoped  that  this  covering  will  be  more 
durable  than  those  formerly  used. 

A  new  pattern  of  drip-box  was  used  on  this 
line,  and  25  of  them  were  located  at  various 
low  points  throughout  the  length  of  the  pipe. 
High-pressure  valves  made  for  the  purpose  of 
holding  ammonia  were  placed  in  the  line  at 
five  different  points,  at  the  approach  of  each 
town.  These  valves  were  connected  into  the 
line  by  means  of  an  adapter  to  permit  the 
connecting  of  a  Dresser  coupling  with  a  flanged 
valve.  The  drip-box  is  provided  with  half  a 
Dresser  coupling  on  each  side  to  facilitate  its 
being  connected  into  the  line. 

Xo  other  fittings  are  used  in  this  line  with 
the  exception  of  six  crosses,  one  at  each  town. 
These  crosses  are  provided  with  adapters  to 
Dresser  couplings,  and  all  right  angles  are 
turned  by  bending  the  pipe  at  a  uniform  radius 
of  20  feet. 

At  the  completion  of  each  day's  work  the 
line  was  capped  and  air  pressure  applied  to  it, 
up  to  100  pounds  per  square  inch.  This  pres- 
sure was  allowed  to  remain  on  the  line  the 
entire  night.  Testing  for  small  leaks  was  done 
by  the  use  of  soap-suds  and  a  brush,  the  soap- 
suds being  applied  to  all  parts  of  the  coupling 
and  to  the  pipe  for  a  distance  of  2  feet  each 
side  of  the  coupling,  as  this  seems  to  be  the 
vulnerable  place  where  the  pipe  is  apt  to  be 
split. 

TESTING     FOR     LEAKS. 

One  of  the  details  developed  in  connection 
with  testing  for  leaks  is  the  fact  that  thick 
soap-suds,  which  has  been  mixed  for  several 
days,  is  better  than  soap-suds  quickly  and  im- 
perfectly mixed.  The  importance  of  careful 
testing  is  evident  when  it  is  stated  that  182  de- 
fective sleeves  and  29  lengths  of  split  pipe 
were  discarded  on  this  line. 

Much  of  the  work  was  done  during  uncer- 
tain spring  weather,  and  a  plow  could  not  al- 
ways be  used  to  advantage,  so  that  it  was 
necessary  to  do  much  of  the  work  with  pick 
and  shovel.  A  grader  was  used  for  refilling, 
and  all  of  the  trench  after  being  filled  was 
carefully  sprinkled  and  rolled. 


The  line  was  completed  June  1,  1907.  The 
actual  working  days  required  were  seventy-five 
The  average  amount  of  pipe  laid  each  day  was 
1,660  feet,  while  the  greatest  amount  laid  in  a 
single  day  was  3,200  feet.  The  average  depth 
of  the  pipe  is  2^2  feet.  The  line  was  placed  in 
commission  Thursday,  July  18,  1907,  and  not  a 
single  leak  developed  in  any  part  of  the  line. 

The  gas  is  pumped  into  the  line  by  a 
14X16X  12-inch  steam-driven  compressor,  with 
a  mechanical  efficiency  of  85  per  cent.,  requir- 
ing 55  horse-power,  under  the  present  condi- 
tions. This  compressor  has  a  capacity  of  about 
22,500  feet  per  hour.  The  gas  is  first  forced 
through  an  auto-enricher  tank,  alongside  of 
which  is  a  storage  tank. 

These  tanks  are  6  feet  in  diameter  by  32  feet 
long,  and  have  a  capacity  of  875  cubic  feet. 
The  line  itself  has  a  capacity  of  9.375  cubic 
feet.  The  25  drips  on  the  line  have  a  com- 
bined capacity  of  19  cubic  feet,  and  the  receiv- 
ing tank  at  Redwood  City,  380  feet.  The  to- 
tal capacity  of  the  tanks  and  line  is  11,524  feet. 
The  gas  is  received  at  Redwood  City  into  a 
storage  tank  5  feet  in  diameter  by  26  feet  long. 
This  tank  is  used  for  receiving  all  the  gas. 
and  from  it  the  various  lines  are  fed  through 
governors. 

Four  compression  tanks,  6  feet  in  diameter 
by  t,2  feet  long,  are  located  at  Redwood  City, 
as  a  reserve  storage  to  be  used  in  the  event  of 
an  accident  to  the  compressing  machinery,  or 
on  the  pipe  line.  The  gas  is  taken  from  the 
receiving  tank  and  pumped  by  means  of  a 
motor-driven  compressor  into  the  four  stor- 
age tanks  at  a  pressure  of  80  pounds.  This 
boosting  arrangement  is  a  temporary  expedient 
for  present  convenience,  and  is  capable  of  many 
changes,  as  the  storage  tanks  may  be  filled  di- 
rectly from  the  line  and  discharged  automatic- 
ally through  the  present  governors  whenever 
there  is  a  drop  in  the  pressure  At  the  pres- 
ent time,  approximately  100,000  cubic  feet  of 
gas  per  24  hours  is  consumed  through  the  Red- 
wood City  high-pressure  line,  and  the  line  is 
so  free  from  defects,  and  the  storage  capacity 
of  the  line  and  the  three  tanks  (disregarding 
the  four  storage  tanks  at  Redwood  City)  is  so 
large,  that  the  compressor  at  Martin  Station 
is  only  operated  a  portion  of  the  time. 

This  4-inch  O.  D.  line  has  an  actual  capacity 
at  5  atmospheres,  or  58.8  pounds  pressure,  of 
57,620  cubic  feet,  or  an  available  capacity  at 
that  pressure  of  46,096  feet.  In  speaking  of 
atmospheres  in  reference  to  pressure,  it  must 
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be  remembered  that  when  we  say  that  we  have 
5  atmospheres  in  a  tank,  we  do  not  mean  five 
available  volumes  of  the  tank,  but  four  avail- 
able volumes,  and  58.8  pounds  gage  pressure, 
there  always  being  one  volume  or  atmosphere 
that  is  not  available  or  apparent  on  the  gage, 
and  which  cannot  be  gotten  out  except  by  ex- 
hausting the  tank  to  a  vacuum,  or  filling  it  with 
water. 

This  line  completely  installed  cost  il/2  times 
as  much  as  a  2-inch  outside  diameter  line 
which  would  have  an  actual  inside  diameter 
of  1.782  inches.  It  has  an  actual  holding  ca- 
pacity of  4.3  times  as  much  as  a  2-inch  O.  D. 
line,  and  its  carrying  capacity  at  equal  pres- 
sures is  5.75  times  that  of  the  2-inch  O.  D. 
line. 

This  installation  is  amply  large  to  provide 
for  the  growth  of  the  southern  suburbs  of  San 
Francisco  for  many  years,  and  will  insure  ex- 
cellent service  to  the  best  class  of  gas  con- 
sumers, the  average  monthly  consumption 
per  meter  of  these  consumers  being  4,570  feet, 
which  is  in  excess  of  that  of  most  of  our  large 
cities. 

In  conclusion,  the  writer  may  be  permitted  to 
apply  a  very  old  saying  to  high-pressure  gas 
distribution,  that,  like  fire,  it  is  a  good  serv- 
ant, but  a  bad  master. 


PURIFICATION      OF     SEWAGE 
AND  POLLUTION  OF  ATMOS- 
PHERE 

Disagreeable  though  it  may  be  to  the  aver- 
age person,  the  damp  and  unpleasant  atmos- 
pheric conditions  which  prevail  in  Lancashire 
are  the  county's  chief  asset.  But  although  a 
humid  atmosphere  may  conduce  to  successful 
cotton  spinning,  there  is,  fortunately,  no  neces- 
sity for  a  solid  element  in  the  air.  The  paper 
read  in  Manchester  recently  by  Mr.  R. 
H.  Clayton  shows  that  by  analysis  the  pollut- 
ing matter  in  Manchester  air  approximates 
most  nearly  to  that  of  the  smoke  from  domes- 
tic chimneys,  being  charged  with  tarry  oils, 
ammonia  and  solid  ash,  which  are  only  emit- 
ted from  boiler  chimneys  in  insignificant  quan- 
tities. The  author  demonstrated  the  resem- 
blance which  exists  between  the  domestic  fire- 
grate and  the  gas  retort  in  the  process  of  dis- 
tillation of  the  fuel  going  on  in  each,  but  with 
the  es6ential  difference  that  the  products  of 
distillation   are   in   the   case   of   the   household 


fire-grate  poured  into  the  atmosphere,  while 
in  the  retort  they  are  collected  and  used  as 
valuable  industrial  materials.  As  an  argument 
in  favor  of  domestic  gas  fires  Mr.  Clayton 
made  the  significant  statement  that  while  on 
the  one  hand  the  citizens  of  Manchester  spend 
annually  £64,000  on  the  purification  of  sewage 
to  prevent  the  pollution  of  rivers,  yet,  on  the 
other  hand,  the  purification  of  the  atmosphere 
was  retarded  by  the  city  fathers  by  charging 
for  municipal  gas  such  a  price  that  an  annual 
profit  of  £60,000  from  its  sale  was  set  aside 
for  the  relief  of  the  rates. — The  Engineer, 
London. 


A    RECORD    JUMP    IN    BRIDGE 
DESIGN 

The  fall  of  the  uncompleted  Quebec  bridge 
was  the  disastrous  event  by  which  the  year 
1907  will  be  recorded  in  the  history  of  bridge 
building.  It  points  to  a  danger  of  engineering 
conceding  too  much  to  commercialism.  The 
company  had  a  certain  amount  of  money,  and 
wanted  a  great  bridge  built  within  the  limit. 
That  is  not  the  way  in  which  monumental 
works  are  erected. 

Designs  have  been  made  for  a  reinforced 
concrete  arch  bridge  which  exceeds  the  Quebec 
bridge  in  boldness.  While  the  present  largest 
masonry  arch  bridge  is  less  than  300-foot  span, 
and  the  largest  concrete  arch  bridge  only  233- 
foot  span,  the  new  design  is  for  a  clear  span 
of  703  feet.  It  is  the  main  span  of  a  proposed 
Hendryk  Hudson  Memorial  Bridge,  to  cross 
the  Spuyten  Duyvil  Creek  in  New  York  City. 
The  designs  call  for  a  concrete  rib  70  feet 
wide,  28  feet  thick  at  the  haunches,  and  15  feet 
at  the  crown,  with  spandril  arches  to  carry  the 
roadway.  The  rise  is  177  feet.  The  compres- 
sive stress  on  the  concrete  is  limited  to  750 
pounds,  and  the  amount  of  steel  required  for 
reinforcement  in  compression  is  said  to  be 
greater  than  for  a  steel  arch  bridge.  The  dif- 
ficulties of  erection  at  the  site  are  extreme,  and 
the  Quebec  bridge  investigation  has  shown  that 
while  it  is  easy  to  design  a  bridge  in  the  draw- 
ing office,  the  matter  of  erection  can  not  be 
overlooked  with  impunity.  The  failure  of  the 
Quebec  bridge  might  well  give  pause  to  the 
office  designer  or  engineer  who  plans  a  con- 
crete arch  of  700  feet  span  when  nothing  larger 
than  233  feet  has  yet  been  attempted. — The 
Engineer  (London). 


COMPRESSED    AIR. 


4795 


AND  EVERYTHING  PNEUMATIC 

Established  1896. 


W.  L.  SAUNDERS, 
FRANK  RICHARDS, 
GARDNER  D.  HISCOX 
L.  I.  WIGHTMAN,  - 
H.  L.  KEELY, 


Editor 

Managing  Editor 

Special  Contributor 

Business  Manager 

Circulation  Manager 


PUBLISHED  BY  THE 

Compressed  Air  Magazine  Company 
easton,  pa. 

New  York  Office,  Bowling  Green  Building. 
London  Office,  114  Queen  Victoria  Street. 

Subscription,  including  postage,  United  States 
and  Mexico,  $1.00  a  year.  Canada  and  abroad,  $1.50  a 
year..    Single  copies,  10  cents. 

Those  who  fail  to  receive  papers  promptly  will  please 
notify  us  at  once. 

Advertising  rates  furnished  on  application. 

We  invite  correspondence  from  engineers,  contrac- 
tors, inventors  and  others  interested  in  compressed 
air. 

Entered  as  second-class  matter  at  the  Easton,  Pa., 
Post  Office. 

Vol.  XIII.        MARCH,  1908.  No.  3 

CONTENTS. 

Place's  Air  Liquifying  Engine   4767 

Liquid  Air  Rescue  Apparatus   4777 

Coal  Storage  of  Heat  and  Energy  4778 

Air  Lift  Agitation  in  Cyaniding 4778 

Efficiency  Tests  of  Air  Lifts  4780 

Mine  Ventilation    4787 

Atlantic  Ocean  as  an  Air  Compressor...  4788 
High  Pressure  Gas  at  San  Francisco...  4790 
Purification  of  Sewage  and  Pollution  of 

the  Atmosphere  4794 

Record  Jump  in  Bridge  Design  4794 

The  Scoop  Vice   '. . . .  4795 

Progress  on  the  Rand 4796 

The  Fatal  Bends    4796 

Preheating  and  Interheating   4796 

Pumping  Oil  by  Compressed  Air  4797 

Coal  Mined  by  Machines  4797 

Acetylene  Safety  Lamps    4798 

Combined  Pump  and  Air  Lift  4798 

A  Coal  Dust  Phenomenon   4800 

Vacuum  Cleaning  of  Railroad  Cars 4800 

Drying   4800 

The  Soblik  Pneumatic  Typewriter  4801 

Beginning  of  Success  in  Flight 4802 

Chloride  of  Calcium  Instead  of  Salt....  4803 

New  Publications  4803 

Notes    4803 

Patents   4803 


THE  SCOOP  VICE 

In  the  chronicling  of  the  events  of  the  day, 
which  are  to  be  forgotten  to-morrow,  and  ac- 
counts of  which  are  absolutely  valueless  if  not 
fresh,  the  struggle  is  always  to  get  the  news 
first,  and  if  at  the  same  time  one  can  have  the 
exclusive  rush  of  it  this  is  the  supreme  triumph 
of  the  reporter  and  the  editor.  The  scoop  is 
rightly  the  brag  of  the  daily  news  man,  but 
what  has  it  to  do  with  the  collector  and  dis- 
seminator of  permanent  and  especially  of  tech- 
nical information?  Such  matter  is  really  as 
good  to-morrow  or  next  week  or  next  month 
as  to-day,  and  yet  the  scoop  habit  of  the  daily 
press  lingers  with  the  conductors  of  technical 
periodicals,  with  the  result  that  in  many  cases 
their  readers  are  defrauded  of  their  rights. 

The  conductor  of  a  technical  publication, 
such,  for  instance,  as  Compressed  Air,  or  any 
other,  the  lines  and  limits  of  which  are  defined 
with  reasonable  clearness,  is  understood  to 
have  a  standing  and  continuous  promise  to  its 
readers  and  supporters  to  keep  them  informed 
and  up-to-date  in  the  special  lines  indicated  by 
telling  them  all,  properly  sifted,  of  course,  that 
comes  to  their  knowledge  or  which  they  can 
procure  concerning  the  new  methods  and 
means  as  they  are  continually  developing  and 
by  way  of  stimulus  about  the  rates  of  accom- 
plishment which  are  constantly  advancing. 
Any  publication  which  deliberately  withholds 
from  its  readers  any  matter  of  importance 
which  has  just  become  ripe  for  publication 
merely  because  it  cannot  have  the  first  or  the 
exclusive  handling  of  it  is  not  treating  its  con- 
stituents honestly,  and  after  long  observation 
of  the  practice  we  fail  to  discover  the  policy 
of  it. 

We  were  flattering  ourselves  that  while  we 
are  not  free  from  human  weaknesses  we  were 
not  afflicted  with  this  particular  vice  when 
along  came  the  article  with  which  our  present 
issue  begins.  If  we  could  be  tempted  and  led 
away  we  would  be  exulting  and  peradventure 
boasting  over  the  fact  that  we  are  the  first  to 
publish  the  matter  therein  contained.  There 
is  no  need  of  our  calling  attention  to  the  fact 
that  the  making  of  liquid  air  cheaper  than  beer 
and  by  means  which  must  be  entirely  approved 
by  both  the  scientist  and  the  mechanic  is  a 
notable  achievement.  Liquid  air  may  now  be 
produced  in  such  quantities  and  at  a  cost  so 
low  that  a  large  field  for  its  employment  is 
thrown  open  in  the  production  of  both  oxygen 
and  nitrogen  in  large  volume  for  various  in- 
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dustrial  purposes,  and  other  uses  must  inevi- 
tably develop. 

The  second  long  article  in  the  present  is- 
sue, with  apologies  and  regrets  for  the  length 
in  each  case,  gave  a  more  pertinent  illustration 
of  the  possible  working  of  the  scoop  vice.  It 
happened  that  the  reports  of  the  tests  of  the 
Air  Lift  in  South  Africa  came  to  the  editorial 
office  of  Compressed  Air  a  couple  of  months 
ago  and  were  in  process  of  preparation  for 
our  columns  when  the  article  embodying  the 
same  material  appeared  in  admirable  form  in 
The  Engineer.  If  the  scoop  vice  had  been  in 
complete  ascendency  in  this  office  the  matter 
would  have  been  dropped  at  once,  but  instead 
we  reproduce  the  entire  article  of  The  En- 
gineer, and  our  readers  surely  have  nothing 
to  regret. 


PROGRESS  ON  THE  RAND 

The  two  paragraphs  below  are  from  the 
latest-to-hand  issue  <>f  South  African   Mines: 

AIR    PIPES    AND    PRESSURES. 

Some  weeks  ago  we  published  a  series  of 
tables  showing  the  earning  capacities  of  un- 
derground air  pipes  of  various  sizes  for  vari- 
ous distances,  and  we  are  gratified  to  find  that, 
largely  through  our  efforts,  the  whole  question 
of  the  flow  of  air  in  pipes  has  of  late  attracted 
increased  attention,  and  that  reforms  in  this 
direction  are  at  hand.  Before  our  articles  ap- 
peared, however,  we  understand  that  several 
of  the  mechanical  engineering  departments  of 
the  groups  had  also  begun  to  investigate  the 
matter;  and  the  net  result  is  likely  to  be 
shown  in  an  early  increase  in  the  capacities 
of  air  pipes  in  the  majority  of  our  mines.  We 
are  informed  that  a  paper  which  Mr.  Laschin- 
ger  is  to  read  to-night  before  the  Transvaal 
Institute  of  Mechanical  Engineers,  will  con- 
tain a  criticism  of  some  of  our  figures  ;  but 
that  is  a  form  of  criticism  which  we  would 
vastly  prefer  to  no  criticism  at  all. 

PNEUMATIC   RIVETERS. 

The  introduction  of  pneumatic  riveters  at 
the  Simmer  Deep  plant  construction  works  is 
a  noteworthy  addition  to  the  long  list  of 
labor-saving  appliances  in  use  on  the  Rand. 
While  the  mechanical  engineers  of  the  Con- 
solidated Gold  Fields  cannot,  as  far  as  these 
fields  are  concerned,  lay  claim  to  have  discov- 
ered the  utility  of  pneumatic  machine  tools,  as 
the  Fast  Rand  Mines  have  already  adopted 
them,  the  new  departure  at  the  Simmer  Deep 


reflects  credit  on  the  enterprise  of  the  en- 
gineers responsible.  Most  satisfactory  results, 
we  understand,  are  being  obtained  from  the 
use  of  the  riveters  on  tank  work,  and  the  sav- 
ing is  estimated  at  over  50  per  cent,  in  labor, 
and  upwards  of  60  per  cent,  in  cost.  The  me- 
chanical talent  embodied  in  the  invention  of 
pneumatic  tools  is  of  the  highest  order,  and 
is  generally  regarded  as  the  greatest  con- 
tribution to  methods  of  machine-shop  work 
made  during  the  closing  decade  of  the  nine- 
teenth century.  Obviously,  exact  data  bearing 
on  the  saving  rendered  possible  are  not  yet 
available,  but  elsewhere,  in  addition  to  vastly 
superior  workmanship,  a  direct  economy  of 
as  much  as  66  per  cent,  has  been  obtained  from 
the  use  of  the  pneumatic  riveter,  from  which 
has  to  be  deducted  the  cost  of  compressed  air, 
which  may  be  placed  at  a  maximum  of  15  per 
cent. 


THE  FATAL  BENDS 
Unusually  sad  seems  to  have  been  the  fate 
of  George  Harris,  a  young  Englishman,  who 
died  the  other  day  in  the  emergency  com- 
pressed air  hospital  connected  with  the  East 
River  tunnels  of  the  Pennsylvania  railroad. 
Harris,  who  was  29  years  old,  had  been  in 
business  in  London  and  is  said  to  have  had 
considerable  experience  in  the  sinking  of  tubes 
for  foundation  work.  He  bad  been  married 
six  months  and  gave  up  his  business  to  come 
to  this  country,  being  lured  by  glowing  sug- 
gestions of  rapid  advancement.  His  testimo- 
nials secured  him  immediate  employment  as 
foreman  of  a  night  shift  in  the  tunnel.  He 
had  been  in  the  country  with  his  young  wife 
only  a  week  when  he  went  on  duty.  The  re- 
ports in  the  daily  press  seem  to  suggest  that 
he  remained  under  pressure  for  an  unusually 
long  period.  Upon  coming  out  early  in  the 
morning  he  was  seized  with  the  "bends,"  and 
he  was  at  once  placed  in  the  graduated  pres- 
sure emergency  hospital  in  connection  with  the 
tunnel  workings.  Here  he  was  treated  with  all 
the  skill  procurable,  but  after  a  struggle  of  30 
hours  death  came  and  ended  all. 


PREHEATING  AND  INTERHEAT- 
ING  COMPRESSED  AIR. 

(  >wing  to  the  small  size  and  portability  of 
rock  drills  preheaters  are  for  this  service  out 
of  place,  but  for  large  hoists  and  pumps,  with 
high-pressure  air.   they  are   always   to  be   rec- 
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ommended.  In  the  operation  of  the  preheater 
the  compressed  air  passes  through  a  vessel 
containing  heated  tubes  of  sufficient  radiating 
surface  for  the  purpose.  These  tubes  may  be 
heated  by  a  coal,  coke  or  oil  fire,  but,  since 
smoke  contaminates  the  atmosphere  of  the 
mine,  steam  heating  is  often  both  convenient 
and  economical.  In  an  air  heater  it  is  pos- 
sible to  utilize  steam  more  efficiently  than  in 
the  best  condensing  engine,  for  both  the  latent 
and  visible  heat  of  the  steam  are  absorbed  by 
the  air  and  turned  into  work  without  frictional 
losses  greater  than  the  motor  would  suffer 
with  unheated  air.  With  steam  heating  the 
only  important  loss  is  that  due  to  radiation  in 
the  supply  pipe  from  the  boilers,  and  by  proper 
covering  this  can  be  made  small.  In  the  500- 
gallon  Dickson  pumps,  installed  in  the  Ana- 
conda mines  at  Butte  in  1899,  the  air  was  suc- 
cessfully heated  by  steam  in  both  the  preheat- 
ers  and  the  interheaters  for  the  compound 
cylinders. — Engineering  and  Mining  Journal. 


tirely  emptied.  As  only  a  light  pressure  is 
required,  the  air  should  be  admitted  quite 
carefully  or  with  only  a  small  valve  opening. 


PUMPING   OIL   BY   COMPRESSED 
AIR 

The  cut  herewith,  which  we  take  from 
Pozvcr,  shows  a  handy  and  efficient  home- 
made device  used,  where  a  supply  of  com- 
pressed air  is  available,  for  pumping  or  forc- 
ing oil  out  of  barrels.  A  i-inch  tee  has  a 
piece  of  i-inch  pipe  7  inches  long  screwed  into 
one  end  of  it,  the  other  end  of  this  pipe  being 
screwed  into  the  bung  of  the  barrel,  a  i%- 
inch  hole  being  bored  in  it  for  this  purpose. 
In  the  other  end  of  the  tee  is  screwed  a  ix^- 
inch  pipe  bushing,  the  bushing  having  a  straight 
screw  thread  all  through  it.  A  piece  of  J^- 
inch  pipe  35  inches  long  with  some  notches 
filed  across  one  end  is  passed  through  the  1- 
inch  pipe  and  screwed  into  the  1  by  ^  inch 
bushing  from  the  inside,  the  thread  on  this 
pipe  being  cut  long  enough  to  screw  up 
through  the  bushing  and  take  a  j4-inch  coup- 
ling. The  delivery  pipe  may  be  screwed  into 
the  coupling  as  shown  or  otherwise  as  most 
convenient.  An  air  hose  is  connected  to  the 
side  of  the  tee  with  a  valve  for  controlling 
the  pressure.  When  the  i-inch  pipe  is  screwed 
into  the  bung  the  end  of  the  y2-mch  pipe 
comes  close  to  the  lower  side  of  the  barrel. 
When  the  air  is  admitted  it  passes  down  be- 
tween the  ^j-inch  and  the  i-inch  pipe  and 
forms  a  pressure  in  the  barrel  which  forces  the 
oil  up  the   */>-inch  pipe  until  the  barrel  is  en- 
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COAL    MINED   BY    MACHINES   IN 
THE  UNITED  STATES 

The  percentage  of  increase  in  the  production 
of  machine-mined  coal  in  1905  over  1904  was 
greater  than  the  percentage  of  increase  in  the 
total  production.  In  1906  the  quantity  of  ma- 
chine-mined coal  was  15451,075  short  tons 
greater  than  in  1905,  while  the  total  production 
of  bituminous  coal  increased  21,534,643  tons, 
showing  that  72  per  cent,  of  the  increase  in 
1906  over  1905  was  in  the  machine-mined  prod- 
uct. The  statistics  also  show  that  the  average 
output  for  each  machine  in  use  increased  from 
10,258  tons  in  1004  to  11,258  tons  in  1905,  and 
to  11,638  tons  in  1906.  The  total  quantity  of 
coal  produced  by  the  use  of  machines  in  1906 
was  118,847,527  short  tons,  as  against  103,- 
396,452  short  tons  in  1905,  and  78,606,997  short 
tons  in  1904.  The  increase  in  1906  was  15,451,- 
075  short  tons,  or  15  per  cent.  The  increase 
in  1905  over  1904  was  24,789,455  short  tons,  or 
31.5  per  cent.,  while  that  of  1904  over  1903  was 
only  623,103  tons,  or  0.81  per  cent.     The  mini- 
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ber  of  machines  in  use  increased  from  7,663 
in  1904  to  9,184  in  1905,  and  to  10,212  in  1906. 
The  percentage  of  the  machine-mined  tonnage 
to  the  total  production  in  the  States  in  which 
machines  are  used  has  increased  steadily  each 
year.  In  1899  this  percentage  was  23;  in  1900 
it  was  25.15;  in  1901,  25.68;  in  1902,  27.09;  in 
1903,  28.18;  in  1904,  28.78;  in  1905,  33.69;  and 
in  1906,  35.1.  Of  the  10,212  machines  in  use  in 
1906,  5,911,  or  58  per  cent.,  were  of  the  pick 
or  puncher  type. 


ACETYLENE   SAFETY-LAMPS* 

By  L.  H.  Hodgson. 
After  numerous  experiments,  extending  over 
several  years,  a  safe  and  efficient  acetylene 
safety-lamp  has  been  introduced.  It  will  only 
be  necessary  to  point  out  the  slight  differences 
of  construction  as  regards  the  treatment  of 
the  calcium  carbide  in  the  benzine  safety- 
lamp.  The  oil-vessel  becomes  the  receptacle 
for  the  calcium  carbide,  and  is  filled  two- 
thirds  full,  thus  allowing  one-third  for  the  ex- 
pansion of  the  carbide  when  saturated  with 
water.  The  upper  vessel  or  the  water- 
container  is  fitted  with  a  filling  aperature,  an 
internal  friction-igniter  operated  from  the 
outside,  and  a  water-and-gas  shut-off,  which 
comes  into  action  separately,  that  is,  when  the 
outside  lever  is  turned  45  degrees  from  left  to 
right,  the  water  is  shut  off  and  no  further 
generation  of  gas  takes  place,  but  the  lamp 
continues  to  burn  and  the  residue  is  consumed 
in  a  few  minutes ;  but  should  the  lamp  need 
to  be  instantly  extinguished,  the  lever  is  turned 
the  full  90  degrees,  or  as  far  as  the  lever  will 
go.  The  gas  thus  inclosed  gradually  escapes 
through  the  by-pass.  A  safety-valve  or  by- 
pass is  placed  adjacent  to  the  burner.  Should 
the  lamp  be  required  immediately  after  it  is 
extinguished,  it  is  advisable  to  allow,  say,  five 
seconds  to  elapse  before  bringing  the  internal 
friction-igniter  into  operation,  as  the  pent-up 
gas  issues  with  extra  velocity,  producing,  when 
lighted,  a  slight  puff,  which  is  detrimental  to 
the  wire-gauzes.  The  attachment  of  the  two 
vessels  is  very  simple :  two  staples  on  the  side 
of  the  water-vessel  are  brought  under  two 
projecting  buttons  fitted  on  the  carbide- 
container,  and  the  vessels  are  firmly  connected 
by  pressing  down  the  shank.  A  gas-tight  joint 
is  made  with  the  aid  of  an  india-rubber  ring, 
inserted  in  a  groove  running  round  the  circum- 
ference of  the  water-vessel. 


The  lamp  has  a  flame  which  is  of  10  candle- 
power.  The  flame  is  capable  of  being  reduced 
at  will,  and,  with  1  per  cent,  of  fire-damp,  there 
is  a  clearly  defined  blue  cap  surrounded  by  a 
greenish-yellow  halo ;  while,  with  2>Ya  Per  cent, 
of  firevdamp,  there  is  a  well  defined  cone,  with 
a  hemispherical  base,  of  a  clear,  luminous, 
greenish-yellow  tint. 

The  period  of  burning  varies  from  6  to  12 
hours,  according  to  the  size  of  the  lamp.  The 
carbide-chamber,  for  6  hours'  burning,  when 
three-quarters  full,  contains  4  ounces.  Car- 
bide may  be  purchased  in  quantities  at  6  cents 
per  pound,  and  consequently  the  cost  will  be 
0.25  cents  per  hour,  per  10  candle-power,  or 
7.5  cents  for  five  shifts  of  six  hours. 

The  large  acteylene  safety-lamp,  of  60  can- 
dle-power, is  fitted  with  a  water  shut-off,  which 
considerably  assists  in  the  economical  burning 
of  the  lamp,  as  hitherto,  it  has  been  necessary 
to  regulate  the  charge  of  calcium  carbide  to  the 
time  that  the  lamp  is  required  to  burn.  The 
carbide-chamber,  for  20  hours'  burning,  is  filled 
with  3J4  pounds.  The  cost  of  burning  is 
slightly  less  than  1  cent,  or  0.016  cents  per 
candle-power  per  hour. 


COMBINED  PUMP  AND  AIR  LIFT 

The  following,  signed  "Chief  Engineer," 
Washington,  D.  C,  comes  from  a  recent  issue 
of  Pozver: 

The  peculiar  condition  suggesting  this  ar- 
rangement was  the  need  of  water  on  the  top 
of  a  mountain  some  700  feet  above  the  source 
of  supply,  a  spring  at  the  base  of  the  moun- 
tain giving  about  ten  gallons  a  minute.  The 
distance  and  the  difficulty  in  getting  to  and 
from  the  spring  made  it  undesirable  to  locate  a 
gasoline  engine  and  geared  pump  at  that  point. 
Besides,  the  flow  was  so  limited  that  to  keep  a 
man  there  for  the  length  of  time  necessary  to 
get  enough  water  pumped  up  the  hill  would 
make  the  water  very  expensive.  The  operating 
conditions  would  be  severe,  too,  for  a  plant 
located  in  an  out  of  the  way  place,  the  pump 
working  against  something  like  350  pounds 
pressure.  The  lower  one-third,  at  least,  of  the 
piping  would  have  to  be  extra  heavy  and  well 
put  together. 

The  installation  adopted  consists  of  a  gaso- 
line engine-driven  air  compressor  outfit  located 
on  the  top  of  the  mountain,  near  the  residence 
or  barn,  where  the  cost  of  equipment  and  at- 
tendance is  minimized.  The  air  pipe  from  the 
compressor  is  connected  to  an  ordinary  direct- 
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acting  steam  pump  (duplex  or  single)  located 
at  the  spring,  the  air  taking  the  place  of  steam 
(this  arrangement  is  common  in  mines),  but 
instead  of  exhausting  into  the  atmosphere,  the 
exhaust  is  led  into  the  top  of  the  chamber 
shown,  into  which  the  pump  also  discharges  the 
water  at  the  bottom. 

When  in  operation  the  water  and  air  ascend 
in  the  uptake  pipe  in  alternate  layers  exactly 


~T~-,. 


compound  pump  or  engine,  but  instead  of  com- 
pleting the  expansion  in  another  engine  cylin- 
der it  expands  in  the  uptake  pipe,  as  it  travels 
upward  between  two  layers  or  pistons  of  water, 
in  proportion  to  the  total  number  of  feet  of 
water  above  it.  The  space  required  by  the  air 
in  the  uptake  pipe  reduces  the  number  of  feet 
of  water  contained  in  the  pipe,  so  that  the  pres- 
sure against  which  the  pump  works  and  the 
back  pressure  against  which  the  motor  end 
exhausts  approximately  equal  the  sum  of  the 
height  of  the  different  layers  of  water  con- 
tained in  the  uptake  pipe  divided  by  two. 

In  making  the  calculation  it  is  necessary  to 
take  into  account  the  clearance  space  in  the 
motor  end  of  the  pump,  also  the  leakage  always 
met  with  to  a  greater  or  less  degree  in  pumps, 
which  would  tend  to  the  advantage  of  the  ar- 
rangement described.  In  calculating  the  ex- 
pansion of  the  air  it  is  to  be  remembered  that 
the  volume  and  pressure  of  air  contained  in 
the  cylinder  at  the  working  or  high-pressure 
end  (not  at  the  exhausting  end  at  the  back- 
pressure) are  to  be  taken  as  the  basis. 

When  an  air  compressor  is  already  in  service 
this  plan  is  still  more  advantageous,  and  in 
places  where  air  is  used  to  operate  a  pump 
this  use  of  the  exhaust  is  equivalent  to  or  bet- 
ter than  adding  another  motor  cylinder,  i.  e., 


Air  Pressure 
Line  to  Pump 


like  an  air  lift,  but  dispensing  with  the  sub- 
mergence necessary  to  an  ordinary  air  lift. 
The  pump  acts  as  a  meter,  measuring  out  given 
quantities  of  water  and  air  in  proportion  to  the 
relative  sizes  of  the  two  ends  of  the  pump,  and 
delivering  them  to  the  chamber  at  the  base  of 
the  uptake  pipe.  The  back  pressure  at  the  mo- 
tor end  of  the  pump  is  identical  with  the  back 
pressure    in    the   high-pressure    cylinder    of   a 
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using  a  compound  pump.  It  is  superior  to  the 
air  displacement  system  of  pumping  and  in 
many  places  superior  to  the  air  lift  system. 


A  COAL  DUST  PHENOMENON 

At  a  recent  meeting  of  the  Midland  Insti- 
tue  of  Mining,  Civil  and  Mechanical  Engin- 
eers, held  at  Doncaster,  England,  Mr.  J.  Neal 
read  a  paper  describing  the  ignition  of  coal 
dust  in  the  Beeston  seam  at  the  Middleton 
Colliery.  The  seam  was  a  very  dry  one,  and 
dust  accumulated  very  rapidly.  Early  in  Sep- 
tember last  a  deputy  had  opened  a  safety  lamp 
at  the  lamp  station.  A  train  of  full  tubs, 
drawn  by  a  pony,  was  passing,  and  raised  a 
considerable  quantity  of  dust.  Just  before  the 
train  reached  the  lamp  station  the  deputy  re- 
moved part  of  the  burning  "snuff"  from  the 
wick  of  the  lamp,  and  it  fell  harmlessly  to  the 
floor.  As  soon  as  the  train  had  passed  he 
knocked  away  the  remaining  portion  of  the 
snuff,  and  as  this  fell  to  the  floor  there  was 
an  ignition  of  the  coal  dust.  The  flame  rose 
to  a  height  of  about  2-)4  feet,  and  spreading 
over  a  width  of  3  feet,  followed  the  train  with 
a  peculiar  rolling  motion,  apparently  corre- 
sponding with  the  successive  clouds  of  dust 
raised,  making  a  peculiar  hissing  sound.  The 
train  stopped  about  45  feet  beyond  the  lamp 
station,  and  when  the  flame  reached  the  last 
tub  it  ascended  to  the  roof,  returned  along 
the  upper  portion  of  the  roadway,  and  finally 
extinguished  itself  within  3  feet  or  so  of  the 
point  of  ignition.  The  color  of  the  flame  was 
described  as  being  similar  to  that  of  a  candle 
or  oil  lamp.  Mr.  Xeal  observed  that  mining 
engineers  had  thought  that  nothing  short  of 
an  ignition  or  an  explosion  of  gas,  or  gas 
and  dust,  could  cause  a  coal  dust  explosion, 
and  that  was  his  opinion  until  this  incident 
occurred. 


VACUUM     CLEANING     OF     RAIL- 
ROAD CARS 

The  Chicago.  Milwaukee  &  St.  Paul  Railway 
in  a  series  of  striking  advertisements  in  the 
November  magazines  is  calling  itself  "The 
Sanitary  Way,"  and  the  reason  therefor  is  the 
recent  installation  at  the  "Milwaukee"  yards 
in  Chicago  of  a  vacuum  equipment  for  clean- 
ing the  upholstery,  carpets,  curtains  and  bed- 
ding. "By  its  tremendous  suction  force," 
read  the  railroad's  advertisements,  "it  removes 
dust,  clirt,  grit  and  germs  as  no  other  method 


can."  The  vacuum  system  was  adopted  after 
a  series  of  tests  lasting  for  several  months. 
After  cars  had  been  blown  by  compressed  air 
they  were  "vacuumized"  and  the  dirt  sucked 
out  was  weighed,  with  the  result  that  from 
1  to  2.y2  pounds  of  dirt  could  be  "vacuumized" 
out  ot  the  plush  and  carpets.  A  thorough 
"vacuumizing"  once  every  third  or  fourth  trip 
keeps  the  car  in  better  condition  than  if  it 
were  "beaten"  or  blown  every  trip.  A  rapid 
dusting  on  intervening  trips  is  enough  to  keep 
the  dust  from  accumulating.  The  labor  saving 
nature  of  the  device  is  shown  by  the  fact  that 
the  first  machine  installed  at  the  Western  ave- 
nue yards  of  the  C.  M.  &  St.  P.  enabled  the 
yard  foreman  to  cut  down  his  payroll  $100  a 
month. 

Under  the  aero  air  cleaning  system,  as  it  is 
called,  the  vacuum  is  produced  by  means  of  a 
compressed  air  aspirator,  drawing  its  oowcr 
from  the  air  pipes  which  are  laid  through  the 
yards  for  testing  brakes.  When  the  workman 
using  the  vacuum  apparatus  passes  the  clean- 
ing tool  or  nozzle  over  the  surface  of  a  cushion 
or  carpet  the  dirt  is  quickly  sucked  through 
the  vacuum  hose  into  the  dust  tank.  This  ir"ik 
is  mounted  on  wheels  and  is  readily  brought 
alongside  the  car  to  be  cleaned.  The  aspirator 
is  attached  at  one  side  of  the  tank.  Inside  is  a 
separator  which  collects  all  the  dirt.  The 
cleaning  is  all  done  inside  the  car  and  with- 
out raising  any  dust. 


DRYING 

Things  to  be  dried  must  contain  moisture, 
and  the  process  of  drying  is  the  vaporization 
of  this  moisture  and  its  transfer  into  surround- 
ing space.  If  the  air  filling  this  space  is  con- 
fined it  becomes  saturated  and  the  drying 
stops.  If  the  moisture  is  to  be  continually  car- 
ried away  the  air  which  is  the  conveyor  must 
be  kept  constantly  moving.  Heat  is  merely  a 
useful  accessory  to  decrease  the  time  of  drying 
by  increasing  both  the  rate  of  evaporation  and 
the  absorbent  capacity  of  the  air.  Air  is  not 
necessary  and  the  space  may  be  a  vacuum ; 
under  either  condition  a  certain  space  will 
take  up  a  stated  weight  of  vapor.  When  vapor 
is  diffused  in  air  the  vapor  molecules  occupy 
their  own  displacement  in  addition  to  the 
space  occupied  by  the  dry  air.  Less  air  is 
contained  in  a  given  space  if  saturated  with 
vapor  than  if  dry,  and  yet  the  specific  gravity 
of  the  moist  air  will  be  lower  than  that  of  dry 
air    of    the    same    temperature,  because    vapor 
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is  lighter  than  air  at  the  same  pressure  and 
temperature.  If  a  certain  space  is  saturated 
with  vapor  when  at  a  certain  temperature,  an 
increase  of  temperature  will  increase  the  ca- 
pacity for  moisture,  but  if  the  temperature  is 
lowered  some  of  the  vapor  will  be  deposited. 
The  temperature  at  which  deposition  begins,  is 
called  the  "dew  point,"  and  it  depends  upon 
the  initial  degree  of  saturation  of  the  given 
space,  the  less  the  relative  saturation  the  lower 
the  dew  point.  Heat  is  such  a  valuable  agent 
in  the  drying  process  because  it  changes  the 
capacity  of  air  for  absorption,  the  amount  of 
vapor  a  given  space  will  contain  increasing 
rapidly  with  the  rise  in  temperature. 


THE  SOBLIK  PNEUMATIC  TYPE- 
WRITER 

The  typewriter  shown  in  the  half-tones,  car- 
rying the  name  of  the  inventor,  has  been  de- 
scribed recently  in  La  Nature,  Paris,  by  Dr. 
Alfred  Gradenwitz.  The  operator  touches  the 
keys  to  indicate  the  letters,  but  no  appreciable 
force   is   required,   and   the   fatiguing   work  of 


FIG.     I.       THE    SOIil.IK  AUOTMATIC  TYPEWRITER. 

protracted  operating  is  annihilated  by  the  pneu- 
matic devices  which  supply  the  necessary  force. 
The  keyboard  of  the  machine  has  several 
rows  of  buttons  with  a  corresponding  opening 
for  each  in  the  cover  of  a  rectangular  air  box, 
each  opening  connected  by  a  small  tube  with 
the  center  of  the  machine  where  tin-  type  wheel 


is  placed.  The  rim  of  this  wheel,  carrying 
characters  in  raised  type,  is  rotated  until  the 
letter  indicated  is  brought  into  position,  and 
the  impression  is  made  by  thrusting  out  the 
letter  to  strike  the  surface  of  the  paper.  The 
pneumatic  action  gives  a  uniform  pressure  fur 
each  letter  independent  of  the  action  of  the 
operator,  and  this  pressure  may  be  adjusted 
by  Ihe  movement  of  a  lever  according  to  the 


FIG.    2.       PNEUMATK      TYPEWRITER    WITH 
AUTOMATIC    MULTIPLIER. 

requirements  of  the  work  in  hand.  When  a 
large  number  of  carbon  copies  are  being  made 
the  operator  has  no  more  effort  to  make  than 
when  a  single  impression  is  made.  By  press- 
ing other  buttons  the  carriage  is  brought  back 
to  the  beginning  of  the  line  and  the  spacing 
for  the  next  line  is  adjusted. 

Tn  this  machine  several  buttons  may  be 
pressed  at  once  and  the  letters  will  be  correctly 
printed,  provided  they  follow  in  alphabetical 
order.  Syllables  or  entire  words  maj  thus  be 
printed  by  a  single  touch. 

The  inking  of  the  characters  is  similar  in 
operation  to  that  of  a  printing  press.  The  ink 
may  be  changed  at  once  without  changing  the 
types  or  any  risk  of  soiling  the  paper  with  too 
much  ink. 

The  air  used  to  operate  the  machine  is  com- 
pressed by  a  minute  electrically  operated  c<<m 
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pressor.      The   machine   may   even   be    run    by 
blowing  into  the  tube. 

The  types  are  rather  pressed  against  the  pa- 
per instead  of  striking  it,  so  that  there  is  no 
appreciable  noise  from  the  operation.  The 
writing  is  always  visible.  The  weight  of  the 
machine  is  about  15^2  pounds  and  the  dimen- 
sions are  12x10x6  inches.  An  automatic  mul- 
tiplier, seen  in  Fig.  2,  may  be  used  with  the 
machine.  This  is  below  the  keyboard  and  pro- 
duces a  perforated  pattern  upon  another  sheet 
of  paper.  When  the  writing  is  finished  the  per- 
forated record  may  be  used  to  reproduce  as 
many  copies  as  may  be  desired. 


BEGINNINGS   OF   SUCCESS   IN 
FLIGHT 

I  was  lucky  enough  to  study  at  leisure  the 
trial  flights  of  Henry  Farman  for  winning  the 
$10,000, prize  which  he  earned  so  well.  He  was 
to  fly  on  his  aeroplane  a  half-kilometre  (one- 
third  of  a  mile),  then  turn  a  goal  and  return 
to  the  starting  point — all  without  once  touch- 
ing ground.  The  length  of  this  irregular  oval 
around  which  he  took  his  course  in  mid-air 
was  full  three-quarters  of  a  mile;  and,  since 
his  victory,  out  of  pure  lightness  of  heart,  at  a 
motor  working  well,  he  has  made  a  circular 
flight  three  times  as  long.  Not  enough  has 
been  said  of  the  mere  look  of  man  and  ma- 
chine as  they  "plane"  against  the  sky;  for  a 
new  verb  is  needed  to  describe  the  motion. 

It  is  like  nothing  else  ever  seen  before.  It 
is  not  even  like  Santos  Dumont's  little  dirigi- 
ble baloon — the  "No.  9,"  which  carried  him 
back  and  forth  so  easily  from  place  to  place 
In  the  Bois  de  Boulogne,  like  an  automobile 
running  through  the  air.  Small  as  its  gas  bag 
was,  the  "No.  9,"  like  all  balloons,  kept  the 
look  of  being  suspended  by  something,  held  up 
in  the  air  as  it  glided  about.  On  the  other 
hand,  the  biggest  kite  shows  always  by  its 
movements  that  a  string  is  holding  it  down. 
Farman's  aeroplane  moves  like  neither  the  one 
nor  the  other;  it  does  not  even  resemble  a 
giant  bird  cutting  through  space,  any  more 
than  an  automobile  resembles  a  horse. 

It  is  a  vast  human  structure,  as  evidently  a 
machine  as  a  steam  engine,  with  its  spread  of 
box-like  cells  and  whirring  motor  and  place 
for  the  pilot  in  the  middle.  Its  flight  through 
the  air  in  long  rising  and  falling  curves,  as  the 
motor  varies  its  power,  is  graceful  beyond 
measure,  but  thoroughly  human — just   such   a 


mechanical  grace  as  that  of  a  motor  launch 
over  a  broad  expanse  of  water. 

Soon  the  sight  will  become  as  common  as 
any  other ;  for  men  have  found  what  Clerk 
Maxwell  called  in  electricity  the  "go"  of  the 
thing.  Farman  knows  now  just  how  many 
pounds'  weight  his  motor  will  take  up  into  the 
air  and  how  long  a  flight.  The  motor's  the 
lir>g-  THE  KEY  T0  success. 

All  these  steady  advances,  however  slow, 
were  made  possible  by  Santos  Dumont's  dar- 
ing in  hitching  a  petroleum  motor  to  a  bal- 
loon. I  was  also  lucky  enough  to  follow  his 
very  first  experiments,  only  ten  years  ago.  He 
had  to  face  the  entreaties  of  anxious  friends 
and  the  open  scorn  of  professional  men  of  the 
air.  He  went  on  his  way,  year  after  year,  un- 
discouraged  by  repeated  failures ;  but  he  made 
of  each  failure  a  trial  experiment  of  his  prin- 
ciple, which  he  was  sure  was  right.  Thanks 
to  his  experiments,  we  have  now  two  branches 
of  an  already  practical  industry — petroleum  as 
a  means  of  transport  through  the  air.  There 
are  the  great  motor1  balloons  for  war;  and 
there  are  these  machines  like  Farman's,  with- 
out any  gas  to  help  them,  flying  of  themselves 
by  the  propulsion  of  a  petroleum  motor.  The 
world  has  moved  within  that  space  of  ten 
years ;  but  human  nature — in  critics,  in  the 
crowd  always  too  much  in  a  hurry,  and  luck- 
ily in  mad  or  inspired  inventors  paying  no  at- 
tention to  either — remains  a  constant  quantity. 

No  fair  man  can  doubt  that  these  flying  ma- 
chines will  be  made  practical — little  by  little, 
like  everything  that  comes  to  stay.  They  are 
here  now  for  learning  and  sport.  Soon  rich 
amateurs  will  use  them  for  their  luxurious 
pleasure.  Last  will  come  their  plain,  every- 
day use  when  time  and  constant  experiments 
shall  have  made  known  their  possibilities. 
Even  we,  who  by  this  vision  splendid  are  on 
our  way  attended,  may  live. to  perceive  it  die 
away  and  fade  into  the  light  of  common  day. 
So  was  it  with  our  prehistoric  grandfathers 
when  they  saw  the  first  wheel  turning  round 
an  axle  and  rolling,  instead  of  grinding  its 
way,  along  the  ground.  So  was  it  with  those 
who  looked  on  the  first  man  that  girdled  his 
robustious  heart  with  triple  brass  enough  to 
embark  in  a  frail  raft  on  the  cruel  sea.  We 
have  slipped  a  notch  in  Time ;  and  it  is  worth 
noting  before  it  is  forgotten. 

PROGRESSIVE    PRIZES. 

The  prizes  which  stimulate  to  experiments 
like    Farman's    have    been    graduated    here    in 
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France  with  great  good  sense.  Instead  of  ask- 
ing a  brand-new,  still  uncertain  invention  to 
be  put  in  competition  with  motor  locomotion 
long  practised  on  terra  firma,  the  first  prize 
was  for  flight  in  a  straight  line  for  a  distance 
long  enough  to  prevenj;  skeptics  saying : 
"Pooh !  that  was  only  a  great  bound  in  the 
air."  Santos  Dumont  won  this  first  prize  last 
autumn,  just  as  he  was  the  first — publicly — to 
steer  a  balloon. 

Then  M.  Deutsch  (the  same  who  gave  the 
$20,000  won  by  Santos  by  steering  his  balloon 
from  Saint-Cloud  round  the  Eiffel  Tower  and 
back)  and  M.  Archdeacon  offered  the  prize 
which  Farman  has  just  won.  The  task  was  to 
fly  a  moderate  distance  and  turn  in  the  air 
and  return  to  the  starting  point. 

Now  M.  Armengaud,  an  engineer  of  inter- 
national reputation  and  an  authority  on  aero- 
nautics, offers  $2,000  to  the  man  who  will  fly 
on  his  aeroplane  for  one-quarter  of  an  hour 
without  touching  ground. 

First,  to  fly  at  all;  then,  to  steer  the  flight; 
now,  to  prolong  the  flight — these  are  the  nat- 
ural beginnings,  even  with  a  bird  learning  to 
fly.  In  due  time  will  come  long  distance 
flights ;  starting  and  landing  and  steering- 
matches  ;  then  other  exercises  of  skill ;  and, 
the  crown  of  all,  as  with  the  horse,  with  auto- 
mobiles, with  transatlantics — races.  This  is  a 
practical  order  of  things,  instead  of  summon- 
ing the  inventor  first  off  to  do  everything  at 
once  or  for  ever  after  to  hold  his  peace.— 
S.  D.  in  Evening  Post  (New  York). 


CHLORIDE   OF    CALCIUM 
STEAD  OF  SALT 


IN- 


Chloride  of  calcium  is  being  used  more  and 
more  instead  of  salt  in  refrigeration,  and  those 
who  substitute  it  for  common  salt  will  never 
go  back  to  the  other.  Salt  always  contains  a 
large  amount  of  impurities,  and  its  iron- 
destroying  effect  makes  it  rather  costly  in  the 
end.  It  should  be  borne  in  mind  that  when  a 
pipe  is  attacked  from  both  sides  its  life  will 
be  rather  short.  This  is  also  the  case  with  the 
tanks  containing  the  salt  brine,  and  with  pumps 
for  handling  it.  This,  as  well  as  the  great  ma- 
jority of  other  troubles  that  are  experienced 
in  using  salt  brine,  is  avoided  when  using 
chloride  of  calcium.  It  seems  to  pass  through 
the  pipes  with  less  friction,  and  parts  which 
were  in  use  for  a  long  time,  showed  upon  re- 
moval that  no  corrosive  action  had  taken  place 
inside.     Chloride  of  calcium  also  has  a  much 


lower  freezing  point  than  common  salt  brine, 
and  is  therefore  better  suited  for  places  where 
a  low  temperature  is  required. — The  American 
Brewers'  Review. 


NEW  PUBLICATIONS 
Illustrated  Catalog  of  Steam  Pumps  No. 

35,  A.  S.  Cameron  Steam  Pump  Works,  New 
York,  158  pages  6  by  9  inches.  This  is  an  ex- 
cellent specimen  of  a  standard  catalog.  It 
gives  full  information  concerning  the  various 
styles  and  sizes  of  pumps  made  and  the  special 
features  and  adaptabilities  of  each,  with  so 
much  incidental  information  that  the  single 
page  index  might  well  have  been  doubled,  even 
if  the  table  of  areas  of  circles  (what  catalog 
is  without  it)  had  been  omitted. 


NOTES 

In  1906  the  New  York  Edison  Company,  in 
the  regular  course  of  business,  sold  from  its 
plant  scrap  to  the  value  of  about  $200,000. 
The  material  included  632,000  pounds  of  cop- 
per, 359,000  pounds  of  lead,  71,000  pounds  of 
mixed  metals  and  approximately  500  tons  of 
iron. 


The  rule  adopted  by  the  A.  L.  A.  M.  for 
estimating  the  horse-power  of  gasoline  engines 
is  to  square  the  cylinder  diameter  in  inches 
and  divide  the  product  by  2.5,  which  gives  the 
horse-power  per  cylinder. 


In  drilling  with  piston  rock  drills  a  high 
pressure  gives  a  stronger  withdrawing  force 
on  the  bit  and  tends  to  prevent  sticking  in  fis- 
sured ground.  Tn  hard,  tough  ground,  like 
specular  hematite  or  certain  intrusives,  a  high 
air  pressure  is  necessary  if  it  is  desired  to 
strike  a  blow,  severe  enough  to  cut  the  rock, 
with  a  light  portable  machine.  In  a  certain 
mine,  using  40  drills  in  hard  and  fissured 
ground  the  rock  broken  per  machine  was  in- 
creased about  20  per  cent,  by  the  simple  expe- 
dient of  advancing  the  air  pressure  from  75 
to  100  pounds. 


A  pneumatic  jack  has  been  designed  to  help 
in  starting  a  large  motor  generator  of  the  Edi- 
son Illuminating  Company  at  Detroit.  It  com- 
prises an  air  cylinder  with  a  piston  connected 
to  an  arm,  this  arm  having  a  pawl  engaging 
a  ratchet  on  the  armature  shaft.     The  idea  is 
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for  this  jack  to  give  the  armature  a  single  im- 
pulse or  kick  to  overcome  the  standing  bear- 
ing friction,  which  is  considerably  higher  than 
the  running  friction  of  any  plain  bearing,  and 
also  to  overcome  some  of  the  inertia  of  the 
rotating  parts.  It  is  found  by  the  use  of  this 
device  that  the  machine  can  be  started  with  a 
maximum  current  of  500  or  600  amperes,  as 
against  1,500  amperes  when  it  is  started  in  the 
usual  manner  from  rest. 


Since  a  machine  will  drive  rivets  as  fast  as 
they  are  fed  to  it,  the  chief  cost  is  that  of 
handling  the  work.  This  varies  with  the  class 
of  work,  heavy  and  bulky  work  being,  of 
course,  harder  to  handle.  Assuming  $4.50  a 
day  for  the  labor,  exclusive  of  the  heater,  if 
a  machine  drives  some  700  or  800  rivets  a  day 
the  cost  for  labor,  power  and  general  charges 
will  be  from  5/£  to  24  cent  Per  rivet.  Pneu- 
matic hammer  rivets  in  ordinary  shop  work 
will  cost  hardly  less  than  \l/2  cents  per  rivet 
for  similar  charges.  Assuming  only  l/2  cent 
saved  per  rivet,  there  is  $1,000  or  $1,200  saved 
per  year.  A  much  greater  saving  will  gen- 
erally result,  for  if  double  the  machine  rivets 
are  driven  per  day  the  cost  per  rivet  is  prac- 
tically cut  in  half. 


Liquid  air  promoters  are  endeavoring  to  in- 
terest capital  in  the  establishing  of  liquid  air 
producing  plants,  as  at  Richmond,  Va.,  where 
demonstrations  of  the  interesting  properties  of 
this  exceedingly  cold  but  perfectly  dry  liquid 
were  given.  The  claims  of  the  promoters  as 
published  in  the  local  papers  and  widely  copied 
are,  however,  misleading.  The  enormous  sav- 
ing claimed  by  substituting  liquid  air  for  ice 
in  refrigerator  cars  is  still  a  matter  that  needs 
to  be  demonstrated.  The  statement  that  the 
promoters  were  making  liquid  air  at  a  cost  of 
$44  for  140  gallons  also  is  misleading.  That 
would  be  over  thirty  cents  per  gallon,  while 
Mr.  Bobrick  at  Los  Angeles,  Cal.,  has  been 
making  it  for  a  number  of  years  at  less  than 
ten  cents  per  gallon,  and  claims  he  can  make 
it  for  one  cent  per  gallon  and  store  it  for 
nearly    thirty    days. — Ice   and    Refrigeration. 


Dr.  Joseph  A.  Holmes,  in  Bulletin  333  of  the 
U.  S.  Geological  Survey,  says  that  experience 
in  the  deeper  and  more  dangerous  coal  mines 
of  Belgium  and  other  countries  not  only  indi- 
cates  that   American    mine   accidents   may   be 


reduced  to  less  than  a  third  their  present  num- 
ber, but  also  gives  promise  of  their  practical 
prevention.  The  coal  mining  methods  of 
America  are  less  safe  than  those  of  any  other 
country.  Over  two  thousand  men  were  killed 
and  live  thousand  more  were  injured  in  our 
collieries  during  1906.  This  was  3.4  men  killed 
for  every  thousand  employed.  In  Belgium  in 
1906  the  number  was  0.94,  in  Great  Britain  it 
was  1.29,  in  France  it  was  0.84  in  1905,  and  in 
Prussia  it  was  1.8  in  1904.  The  number  of 
American  coal  miners  killed  and  injured  in 
1906  by  different  causes  is  stated  as  follows : 
Gas  and  dust  explosions,  228  killed  and  307  in- 
jured; powder  explosions,  80  and  215;  falls  of 
roof  and  coal,  1,008  and  1,863;  other  causes, 
732  and  2,192.  What  makes  these  figures  more 
shocking  is  Dr.  Holmes'  further  statement  that 
in  no  other  country  in  the  world  are  the  nat- 
ural conditions  so  favorable  for  the  safe  ex- 
traction of  coal  as  m  the  United  States. 


LATEST  U.  S.  PATENTS 

J'ii/1  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  {not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.   C. 

JANUARY  7. 

875,787.  FLYING  OR  AIR  CAR.  Selden  A.  Day, 
Paris,   France. 

875,869.  ROCK-DRILL.  Rolland  S.  Trott,  Denver, 
Colo. 

875,942.  ACETYLENE-LAMP  AND  LIGHTING  DE- 
VICE FOR  AUTOMOBILES  AND  OTHER 
VEHICLES.     Svend  M.  Meyer,  New  York,  -N.  Y. 

8/5.957-      THERMOSTAT.       Olaf    Saugstad,    Plain- 


5.957-       J 
field,   N. 


J. 


8/S.958.  VALVE  FOR  FLUID-PRESSURE  BRAKES. 
William  H.  Sauvage,  New  York,  N.  Y. 

876,066.  AUTOMATIC  FLUID-PRESSURE  REGU- 
LATOR.    Archie  Klever,  Hannibal,  Mo. 

$76,068.  RIVET-CUTTER  AND  PUNCH.  Conrad 
H.  Lau,  Renova,  Pa. 

876,119.  ACETYLENE-GAS  GENERATOR.  Will- 
iam J.   Walsh,   Ferris,  Tex. 

876,125.  FYLING-MACHINE.  Frank  Wondia, 
Schenectady,  N.   Y. 

JANUARY    14. 
876,359.       PRESSURE-REGULATOR      FOR     COM- 
PRESSED-GAS PLANTS.     Louis  Karger,  Ehren- 
feld,   Germany. 
876,371.      PNEUMATIC    BRUSH.      Frank    J.    Mat- 

chette  and  Charles  Moukos,  Milwaukee,   Wis. 
876,374.     HOT-AIR  ENGINE.     Alphonse  Mayr  and 

John  Wallace,   Bombay,  India. 
876,422.     ELASTIC-FLUID  TURBINE.     Jan  Zvoni- 

cek,   Briinn,   Austria-Hungary. 
876,426.       PNEUMATIC     SUSPENSION     DECIVE 
FOR  VEHICLE-BODIES.     George  W.  Bell,  Liv- 
erpool,  England. 
876,460.     STARTING    MECHANISM    FOR    INTER- 
NAL-COMBUSTION     ENGINES.       Howard     A. 
Johnson,    Toronto,   Ontario,    Canada. 
In  an  internal   combustion   motor  the   combination 
of  a   storage  air  tank;   a  second  tank;   a  pipe  connect- 
ing the  two;   a  stop  cock  in  said  pipe;   a  pipe  connect- 
ing the  second  tank   with   the  cylinder   of  the  engine; 
a    pressure    limiting    valve    in    said    pipe;    and    a    stop 
cock   between   the  pressure  limiting  valve  and   the  sec- 
ond tank,  substantially  as  described. 
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876,757.  APPARATUS  FOR  PRESERVING  EGGS. 
Hans  J.  Wintherlich,  Omaha,  Nebr. 
In  an  apparatus  for  preserving  eggs,  the  combina- 
tion of  a  receptacle,  means  for  supporting  eggs  therein, 
a  vacuum  producing  means  connected  with  the  re- 
ceptacle, means  for  subjecting  the  receptacle  and  con- 
tents to  heat  for  opening  the  pores  of  the  eggs  and 
killing  the  germs,  and  separate  means  for  supplying 
antiseptic  and  sealing  solutions  to  the  receptacle. 
•876,827.      CAISSON   CONSTRUCTION.      Alexander 

Z.  McLeod,  New  York,  N.  Y. 
876,848.      PUMP    OPERATED    BY    COMPRESSED 

AIR.     Danvill  W.  Starrett,  San  Francisco,  Cal. 
876,849.-  PUMP    OPERATED    BY    COMPRESSED 
AIR.     Danvill   W.   Starrett,    San   Francisco,   Cal. 
876,859.     PNEUMATIC  CARRIER.     Major   R.   Col- 
lins, Indianapolis,   Ind. 

JANUARY  21. 

877,043.  VALVE  OPERATED  BY  AIR.  James 
Bowes,  Caldwell,  N.  J. 

877,102.  PRESSURE  AND  SUCTION  BLOWER. 
William   T.  Magee,  St.  Louis,   Mo. 

877,142.  MEANS  FOR  INCREASING  AND  PRO- 
MOTING THE  COMBUSTION  OF  FUEL. 
George   R.   Torrey,   Washington,    D.   C. 


In  an  apparatus  of  the  character  described,  a  fur- 
nace, a  fire-chamber,  a  bridge-wall,  a  vortex  chamber 
within  the  bridge-wall  for  giving  a  circular,  centri- 
fugal action  to  steam  and  air,  and  means  for  forcing 
said  steam  and  air  into  and  through  the  fire  chamber 
of  the  furnace. 
877,162.      APPARATUS    FOR    CONSUMING    GAS. 

Frank  W.  Beardsley,  New  York,  N.  Y. 
877,203.      PNEUMATIC  MUSICAL  INSTRUMENT. 

Eugene  de  Kleist,   North  Tonawanda,   N.   Y. 
877,234.     ACETYLENE-GENERATOR.     Samuel   W. 

Rushmore,  Plainfield,  N.  J. 
877,308.     PNEUMATIC   CAISSON.     Oliver   C.   Ed- 
wards, Jr.,  Rensselaer,  N.  Y. 
877,369.  ELECTROPNEUMATIC  MACHINE.  Will- 
iam K.  Rankin,  Philadelphia,  Pa. 
877,387.       SAFETY-SPRING     FOR     STEAM     AND 
COMPRESSED-AIR     HAMMERS.        Willis     F. 
Walker,   York,   Pa. 
877,447.     PROCESS   FOR  THE  PRODUCTION  OF 
PURE   NITRIC  ACID.     Harry   Pauling,   Gelsen- 
kirchen,  Germany. 
The    herein     described    process,    consisting    in     sub- 
jecting atmospheric  air  to  the  action   of  electrical  dis- 
charges,   mixing   the    nitrogenous    gases,    thus    formed, 
with  water  or  aqueous  vapor  while  the  said  gases  have 
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a   minimum   temperature   of    200    degrees   C,   and  cool- 
ing down  the  mixture,   as  set   forth. 

JANUARY  28. 

877,520.  FLUID-COOLING  APPARATUS.  Paul 
Schmaltz,   New   York,   N.   Y. 

877,523.  PNEUMATIC  DRILL.  John  W.  Smith, 
Philadelphia,    Pa. 

&77, 529-  AIRSHIP.  Peteb  T.  Tkatzschenko,  Sche- 
nectady,   N.   Y. 

877.530.  AIR-BRAKE.  Walter  V.  Turner,  Wil- 
merding,   Pa. 

877.557-  AIR-SEPARATOR.  George  S.  Emerick, 
Nazareth,   Pa. 


877,707.  AUTOMATIC  SPRINKLER  SYSTEM. 
James  Fiddes  and  John  F.  Watt,  Aberdeen,  Scot- 
land. 

877,847-  FLUID-PRESSURE  ENGINE.  Hugo 
Lentz,  Hallensee,  Germany,  and  Charles  Bel- 
lens,    Neuilly-sur-Seine,    France. 

877.848.  FLUID-PRESSURE  TURBINE.  Ben- 
jamin   E.   Lewis,    Palouse,    Wash. 

«77;86i.  PORTABLE  TIRE-INFLATER.  John  W. 
Radu,   Rochester,   N.    Y. 

877,883.  PNEUMATIC  MINING-MACHINE.  Will- 
iam  B.   Butts,   New   Philadelphia,   Ohio. 

877,890.  VAPORIZER.  George  H.  Gerber  and  Al- 
fred Weiland,   Reading,   Pa. 
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THE  MELTING  AND  BURNING    OF 
IRON  IN   COMPRESSED  AIR 

There  are  current  in  the  technical  press  of 
the  day  accounts  of  many  entirely  unrelated 
developements  in  the  line  indicated  by  the 
above  title.  That  iron  will  burn  fiercely  in 
oxygen  was  frequently  shown  in  laboratory 
and  lecture  room  experiments  two  or  three 
generations  ago.  The  burning  of  a  watch 
spring  in  a  jar  of  oxygen  is  in  all  the  old 
school  books  of  physics  or  natural  philosophy. 
The  commercial  production  of  oxygen  in  un- 
limited quantities  and  at  low  prices  is  leading 
now  to  its  extensive  and  growing  employment 
in  our  most  important  industries. 

BURNING     OUT     BLAST     FURNACE    TAP     HOLES. 

Robert  Grimshaw  in  the  Engineering  and 
Mining  Journal  describes  the  process  invented 
by  Dr.  Menne,  of  Krenztal  in  Westpalia,  of 
clearing  the  tap  holes  of  blast  furnaces,  using 
compressed  oxygen  as  the  agent  with  the  aid 
also  of  hydrogen  as  a  starter.  "The  hydrogen 
is  first  turned  on  when  the  gas  is  ignited,  the 
oxygen  control  valve  is  opened,  the  pressure 
being  well  throttled  down  until  the  iron  is 
white  hot.  Then  the  pressure  of  the  oxygen 
is  raised  until  the  cast  iron  commences  to 
burn,  which  is  indicated  by  strong  sparking. 
The  oxygen  pressure  is  again  raised,  this  time 
to  about  450  lb.  per  sq.  in.,  and  the  hydrogen 
is  shut  off.  From  this  point  on,  the  fuel  is 
iron,  instead  of  hydrogen,  and  consequently 
there  is  a  greater  development  of  heat. 

Hydrogen  and  oxygen  alone  would  not  melt 
through  the  solidified  mass,  because  the  great 
volume  of  gases  necessary  would  cause  exces- 
sive loss  of  heat  by  radiation  and  conduction. 
One  kilogram  of  hydrogen  develops  in  com- 
bustion with  oxygen  about  13.057  calories, 
while  the  same  weight  of  iron  develops  only 
748.  But  a  given  weight  of  hydrogen  takes 
up  87,234  times  more  room  than  the  same 
weight    of    iron.      Thus    one    volume    of    iron. 


burned  in  oxygen,  develops  87,234  x  748  -r- 
13.057  =  5.012  times  as  much  heat  as  the  same 
volume  of  hydrogen  under  the  same  condi- 
tions. 

"In  burning  the  iron  the  heat  developed  is 
concentrated  in  a  small  space;  and  this  ac- 
counts for  the  enormous  temperature  and  the 
rapid  action  of  the  combustion  on  the  frozen 
tap  hole.  The  stream  of  gas  not  only  melts 
the  iron,  but  also  blows  it  away  from  the  hole. 
A  slag  hole  or  a  tuyere  opening  an  inch  or  so 
in  diameter  may  be  freed  from  solid  iron 
without  injuring  the  walls,  which  are  cooled 
by  the  action  of  the  stream  of  gas  under  the 
high  pressure  employed.  When  hydrogen  is 
not  available,  generator  gas  or  ordinary  illum- 
inating gas  may  be  used  to  start  the  opera- 
tion." 

(.(IMPRESSED     AIR      FOR     WELDING. 

In  the  Bessemer  process  compressed  air 
alone  is  blown  up  through  a  mass  of  molten 
iron,  raising  its  temperature  with  great  rapid- 
ity, burning  out  first  all  the  carbon  and  then. 
if  the  operation  is  continued,  the  iron  also, 
affording  throughout  one  of  the  most  brilliant 
pyrotechnic  displays  ever  produced.  While 
this  process  has  been  widely  and  constantly 
employed  for  forty  or  fifty  years,  most  sug- 
gestive as  it  has  been  of  other  possibilities,  it 
seems  to  be  only  lately  coming  to  be  realized 
that  a  jet  of  compressed  air  with  sufficient 
pressure  to  give  it  the  required  velocity  can 
alone  supply  sufficient  oxygen  to  cause  red 
hot  iron  to  burn.  There  are  indications,  how- 
ever, that  the  air  jet  will  soon  be  in  familiar 
and  frequent  use  in  every  blacksmith  shop,  or, 
what  i-  new  nearly  the  same  thing,  in  every 
blacksmith  shop  in  which  a  supply  of  com- 
pressed air  is  maintained. 

W.  C.  Whelan,  Foreman  Blacksmith,  Kansas 
City,  writes  as  follow-  : 

"I    took    a    piece    of    two-inch    round    iron, 
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brought  the  end  to  a  low  welding  heat,  and 
by  turning  on  about  eighteen-pounds  pressure, 
burned  off  three  inches  of  the  iron.  I  then 
brought  two  pieces  of  two-inch  round  iron  to  a 
very  low  welding  heat  (a  heat  which  could  not 
be  welded  successfully  in  the  ordinary  way), 
and  by  applying  the  air  made  a  successful  butt 
weld,  which  we  bent  back  and  forth  over  the 
anvil  without  a  fracture  developing.  After 
testing  in  other  ways,  I  am  convinced  that  all 
small  hammers,  forging  machines,  flue-welding 
machines,  and  also  all  heavy  fires,  where 
V-welds  are  made  in  frames,  or,  in  fact,  any 
fire  where  a  clean,  safe  weld  is  required, 
should  be  equipped  with  air,  either  by  a  small, 
round  nozzle,  or  a  flat  nozzle  if  the  work  done 
is  on  a  wide  piece.  I  believe  that  in  welding 
frames  on  engine  or  anvil  this  process  will 
hold  the  heat  until  the  work  is  completed,  and 
all  dirt  and  foreign  substances  are  eliminated." 

Mr.  Geo.  A.  Hortline,  Blacksmith  Foreman 
at  the  Collinwood  shops  of  the  L.  S.  &  M.  S. 
Ry.,  writes  as  follows  to  the  Railway  Journal: 

One  of  the  small  kinks  in  the  Collinwood 
shops  that  has  helped  us  in  successful  welding 
in  the  forging  machine,  is  a  compressed  air 
jet  used  for  bringing  two  pieces  of  iron  to  a 
point  of  fusion  immediately  before  the  stroke 
of  the  forging  machine. 

While  some  blacksmiths  may  be  familiar 
with  this  method,  we  find  it  is  new  with  many 
others.  A  very  interesting  experiment  to  dem- 
onstrate the  possibilities  with  this  method  is 
to  heat  a  bar  of  one  inch  or  one  and  one- 
fourth  inch  iron  on  the  end  for  five  or  six 
inches,  then  blow  a  stream  of  air  against  the 
end  of  the  bar  parallel  with  its  length ;  a 
beautiful  display  of  fireworks  will  be  the  result., 
the  temperature  of  the  bar  will  be  raised  to  a 
point  of  fusion  and  the  bar  will  melt  away 
as  in  the  foundry  cupola. 

We  have  been  quite  successful  in  making 
large  crank  pin  nuts  with  the  aid  of  this 
method.  A  piece  of  bar  iron  2  x  ~/s  in.  is 
rounded  up  under  the  hammer,  each  end  of 
the  bar  being  sheared  to  an  angle  of  45  degrees 
so  as  to  form  a  lap.  These  pieces  of  iron  are 
heated  in  an  oil  furnace,  placed  between  the 
dies  of  the  forging  machine,  a  jet  of  air  is 
blown  against  the  two  ends,  which  cleans  out 
all  dirt  and  scale  and  raises  the  temperature 
of  the  metal  to  a  welding  heat,  one  stroke  of 
the  machine  insuring  a  perfect  weld  with  clean 
metal. 


The  same  method  is  used  in  welding  the 
cross  bar  on  our  clinker  hooks  for  locomotive 
service.  The  end  of  the  long  rod  and  a  short 
bar  are  both  heated  to  a  welding  heat  in  our 
oil  furnace ;  the  long  rod  is  butted  against  the 
short  piece  and  placed  between  the  dies,  where 
it  comes  in  contact  with  the  jet  of  compressed 
air.  which  blows  out  all  scale  and  dirt,  bring- 
ing the  two  pieces  to  a  perfect  welding  heat 
and  one  stroke  of  the  machine  completes  the 
weld  and  upsets  the  metal  so  as  to  strengthen 
the  hook  at  the  point  of  intersection. 

In  reparing  and  welding  broken  spokes  or 
rims  in  steel  driving  wheels  we  think  the  com- 
pressed air  jet  is  indispensable.  Some  of  the 
wheels  are  very  difficult  to  handle  owing  to 
the  counterbalance,  and  it  is  very  difficult  to 
get  a  wheel  from  the  fire  to  the  anvil  without 
losing  the  heat.  By  using  the  compressed  air 
jet  it  is  possible  to  revive  the  heat  and  the 
parts  to  be  welded  will  retain  a  welding  heat 
after  the  operation  is  complete.  In  welding 
spokes  in  steel  wheels  we  use  the  "V"  weld. 
The  heat  is  taken  on  a  side  fire  and  just  be- 
fore the  piece  is  welded  into  the  spoke  the 
compressed  air  jet  is  brought  in  contact  with 
the  hot  metal,  keeping  the  temperature  of  the 
metal  up  to  a  welding  heat  until  the  operation 
is  completed.  Care  must  be  taken,  however,  in 
applying  this  compressed  air  jet,  as  it  would 
be  possible  to  burn  a  spoke  in  two  if  held  at 
one  point  too  long. 

TESTING  STEEL  BY  ITS  SPARKS. 

Another  phase  of  the  combustion  of  iron  in 
air  is  presented  in  an  interesting  article  which 
recently  appeared  in  the  American  Machinist, 
in  which  the  writer  suggested  the  sparking  of 
steel  when  ground  on  an  emery  wheel  or  when 
filings  are  thrown  into  a  flame  as  a  means  of 
determinining  the  character  of  the  steel.  "In 
the  former  case,"  the  writer  says,  "there  must 
be  enough  strength  to  resist  wear  or  cutting 
in  order  to  heat  the  detached  particles,  and  this 
heat  must  be  intense  enough  to  cause  oxida- 
tion, while  in  the  latter  case,  the  metal  must 
be  subject  to  combustion  at  the  temperature 
of  the  flame,  without  volatilization,  before  any 
amount  of  light  is  produced.  Now  the  action 
of  grinding  or  of  a  candle  flame  cannot  pro- 
duce heat  enough  to  volatilize  iron  or  steel, 
but  the  heat  imparted  is  ample  to  cause  chem- 
ical combination  between  the  oxygen  of  the  air 
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and  the  iron,  which  in  the  process  of  com- 
bustion causes  heat  of  sufficient  intensity  to 
ignite  the  carbon  contained  in  the  iron  and 
especially  steel. 

"This  fact  is  beautifully  demonstrated  by  the 
iron  torch,  shown  in  Fig.  1.     By  heating  a  bar 
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FIG.  1 —BURNING   IRON   IN  THE  AIR   BLAST. 

of  iron  to  a  welding  heat  and  then  holding  it 
in  a  stronge  air  blast,  it  will  at  once  begin  to 
boil  and  sizzle,  emitting  a  dazzling  bluish-white 
light.  This  may  be  maintained  for  hours  with- 
out any  source  of  heat,  except  that  caused  by 
the  combustion  of  the  iron.  Beginning  with 
let  us  say  slag  iron,  which  is  almost  free  from 
carbon,  the  spark  test  will  usually  give  straight 
lines,  which  become  broader  and  more  lumi- 
nous some  distance  (not  over  a  few  inches) 
from  their  source,  and  then  disappear  as  they 
started  (see  1  of  Fig.  2).  This  peculiarity  is 
probably  due  to  the  action  of  the  oxygen  on 
the  heated  particles  requiring  some  time  to 
act.  This  effect  is  at  its  maximum  when 
spark  streak  appears  broadest  and  whitest,  and 
would  continue  so,  but  for  the  reason  that  the 
fuel  supply  is  soon  exhausted. 

"By  adding  a  very  small  percentage  of  car- 
bon to  iron  the  effect  is  at  once  noticeable  by 
a  division  or  forking  of  the  luminous  streaks, 
as  in  2  of  Fig.  2.  This  is  owing  to  the  presence 
of  the  carbon,  which  is  only  acted  on  by  the 
maximum  heat  of  the  iron  spark,  and  which 
then  burns  explosively,  causing  a  break  in  the 
original  heavy  line.  By  adding  more  and  more 
carbon  to  the  steel,  the  iron  lines  become  less 
and  less  conspicuous,  and  the  star-like  explo- 


sions not  only  become  extremely  profuse, 
but  their  rays  often  divide  again  and  subdi- 
vide, causing  a  beautiful  display  of  curves  and 
figures,  as  in  3.  In  this  instance  it  should  be 
stated  that  the  iron  and  carbon  have  been  so 
united  that  they  are  most  easily  attacked  by 
the  oxygen,  and  hence  the  great  danger  of 
burning  tool  steel  in  the  process  of  forging. 
This  readiness  to  burn  may  be  considerably 
reduced  by  the  addition  of  a  more  refractive 
metal  as  tungsten  or  molybdenum.  The 
former  alloy  shows  not  only  anti-rusting  quali- 
ties but  also  can  endure  incandescent  heat 
without  scaling  or  burning.  The  temper  is 
thus  not  drawn  so  easily  and  hence  the  name, 
high-speed   steel. 


FIG.  2. — TESTING   BY  THE  SPARKS. 

"In  the  spark  test  these  peculiarities  are 
shown  as  indicated  by  4  and  6,  in  which  the 
sparks  appear  not  only  simple,  but  also  very 
dull  red.  This,  however,  is  easily  understood 
by  referring  to  the  foregoing  paragraphs  where 
it  is  shown    that  the  luminosity  of  iron  or  steel 
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sparks  depends  for  the  most  part  on  the  com- 
bustion of  the  iron  and  carbon.  Perhaps  one 
of  the  most  remarkable  sparks  which  enter 
into  this  groop  is  characteristic  of  manganese, 
and  widely  differs  from  the  familiar  carbon 
stars  and  rays.  Once  these  divirsified  signs 
have  been  carefully  studied,  the  trained  eye 
will  detect  the  slightest  trace  of  manganese  in 
even  what  is  otherwise  pure  carbon  steel.  Its 
spark  is  shown  in  5.  The  lateral  darts  always 
radiate  from  an  unbroken  line  and  at  right 
angles  thereto.  The  color  is  dull  red  and  each 
dart  is  subdivided  into  a  number  of  white  hot 
globules. 

"Some  steelmakers  in  testing  their  products 
use  the  method  of  spark  analysis  in  addition 
to  others,  and  they  agree  that  it  is  very  reli- 
able. There  are  also  many  mechanics  who  by 
experience  have  learned  thus  to  distinguish 
tool  steel  from  iron  or  machinery  steel,  and 
who  are  never  caught  making  reamers  and 
cutters  of  machinery  steel  or  bolts  and  screws 
of  tool  steel. 

"Perhaps  the  most  misleading  spark  to  be 
found  is  the  one  of  gray  or  cast  iron,  which 
being  very  seldom  of  a  standard  purity  will 
often  show  scarcely  any  luminous  sparks  at 
all.  Sometimes  it  is  rich  in  manganese,  and 
the  familiar  bright  manganese  darts  are  given 
off  at  varying  distances  from  the  source  of 
heat.  Cast  iron  usually  consists  of  iron  with 
a  very  high  percentage  of  carbon.  Graphite 
in  iron  is  that  form  of  carbon  which  is  not 
chemically  united,  and,  therefore,  it  follows  that 
since  it  exists  in  a  free  state,  it  must  be  pres- 
ent in  all  stages  of  combination.  Thus  cast 
iron  will  yield  sparks  ranging  from  iron  to 
tool  steel.  In  addition  to  the  diversified  sparks 
shown  in  the  diagram  there  is  also  much  sig- 
nificance in  the  distance  at  which  they  appear 
from  the  source  of  heat,  as  in  grinding,  which 
is  the  most  accurate  test." 


DIFFERENT  EXPERIENCES   OF  DI- 
VERS AND  CAISSON  WORKERS 

In  the  British  Societies  and  in  the  technical 
press  discussion  continues  as  to  the  effect  of 
compressed  air  upon  the  workers  in  it,  the 
most  noticeable  feature  being  the  differences 
in  the  experiences  of  submarine  divers  and 
the  workers  in  caissons.  Staff-Surgeon  Oswald 
Reeves,    R.    N.,    Secretary    to    the    Admirality 


Committee  on  Deep  Diving,  has  prepared  a 
memorandum  on  Caisson  Disease  which  has 
been  summarized  by  the  Engineer,  whose 
work  we  still  further  condense,  more  or  less. 

As  a  diver  descends  in  the  water,  air  is 
pumped  to  him  and  the  pressure  equals  or 
only  slightly  exceeds  that  of  the  water  at  the 
head  of  the  exhaust  valve  of  the  helmet.  The 
caisson  worker  is  seldom  subjected  to  a 
greater  pressure  than  40  lbs.,  while  a  diver 
at  35  fathoms  is  exposed  to  a  pressure  of 
93.6  lbs. 

When  a  gas  is  in  contact  with  a  liquid  on 
which  it  has  no  chemical  action  it  is  absorbed 
by  the  liquid  in  amounts  which  are  propor- 
tional to  the  pressure  under  which  the  gas  is 
at  the  time,  and  in  the  case  of  a  mixture  of 
gases  each  gas  is  absorbed  as  if  it  alone  were 
present.  In  the  lungs  the  air  is  practically  in 
contact  with  the  blood  and  each  of  the  gases 
in  the  atmospheric  mixture ;  oxygen,  nitrogen 
and  carbon  dioxide,  is  absorbed  in  its  due 
proportion.  The  oxygen  is  used  up  by  the 
tissues,  and  the  C  O2  is  kept  at  a  fixed  per- 
centage, no  matter  what  amount  is  present  in 
the  air  breathed.  Nitrogen  is  absorbed  unal- 
tered and  in  an  amount  directly  proportioned 
to   the   pressure. 

So  long  as  the  diver  remains  under  press- 
ure there  is  no  manifestation  of  the  pressure 
of  the  absorbed  gas,  but  as  soon  as  the  press- 
ure is  released  as  the  diver  ascends  the  gas 
should  begin  to  bubble  off.  Fortunately,  the 
blood  is  a  sticky  albuminous  fluid  in  which 
bubbles  do  not  form  easily,  and  is  capable  of 
being  supersaturated  with  nitrogen  to  twice 
its  normal  amount  without  the  formation  of 
bubbles.  Fat  can  take  up  six  times  the 
amount  of  nitrogen  that  the  blood  can  absorb. 
The  comparative  freedom  of  the  diver  from 
attacks  of  "the  bends"  is  probably  because  his 
blood  never  becomes  saturated  as  he  is  ex- 
posed to  pressure  for  shorter  periods  than  the 
caisson  worker.  The  severity  of  the  symptons 
in  caisson  disease  bears  a  distinct  ratio  to  the 
time  of  onset  after  the  return  of  the  diver  to 
the  surface ;  the  quicker  the  onset  the  more 
severe  the  symptons,  and  vice  versa. 

A  man  who  carries  about  with  him  a  huge 
reservoir  for  nitrogen,  as  is  provided  by  the 
abdominal  fat,  must,  other  things  being  equal, 
be  more  liable  to  the  formation  of  bubbles 
than  the  thin,  spare  man.  In  fatal  cases  after 
sudden     decompression     bubbles     have     been 
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found  in  the  abdominal  fat  when  there  were 

none  in  the  other  tissues. 

In    cases    collected    the    percentage    ratio    of 

illness  to  age  was  as  follows : 

Per  cent 
Age.  of  Illness. 

15-20     

20-25     10.3 

25-30    14-3 

30-35     20-9 

35-40     22.9 

40-45     26-3 

45-50     66.0 

The  following  indicates  the  influence  of 
bodily  habit  on  health : 

Spare.     Medium.    Heavy. 
Men   generally  well.     25  14  3 

Men    taken    sick 26  22  36 

Men    paralyzed    ....       2  3  8 

Men    died    . .  3 

Safety  in  decompression  may  be  secured  by 
two  methods.  1.  Limiting  the  time  of  expos- 
ure ;  2,  bringing  the  diver  up  slowly.  In  cais- 
son work  it  has  been  found  that  by  limiting 
the  time  of  exposure  to  the  compressed  air 
cases  of  paralysis  have  been  practically  elim- 
inated. : 

Various  rates  of  decompression  have  been 
suggested,  usually  from  twelve  minutes  to 
twenty  minutes  per  atmosphere.  The  blood 
as  it  leaves  the  left  side  of  the  heart  is 
always  saturated  with  air  to  the  existing 
pressure,  and,  in  the  same  way  will  be  desatu- 
rated  to  the  same  pressure.  The  blood  leaves 
the  arteries  in  less  than  half  a  minute,  and  in 
this  time  bubbles  scarcely  seem  to  form,  so 
that  there  will  be  little  risk  of  their  actual 
formation  in  the  arterial  blood  unless  the 
ebulition  is  practically  instantaneous.  With 
very  rapid  decompression,  however,  small 
bubbles  which  have  passed  through  the  capil- 
laries of  the  lungs  may  easily  increase  in  size 
in  the  arteries. 

This,  however,  is  not  the  whole  of  the 
problem.  All  the  blood  passes  through  the  lungs 
once  a  minute,  and  as  it  is  at  once  desaturated 
to  the  existing  pressure  danger  would  cease 
one  minute  after  sudden  decompression,  but, 
unfortunately,  the  saturation  of  the  tissues 
must  be  considered. 

Cases  of  accident  are  almost  non-existent 
when  the  air  pressure  is  less  than  20  lbs., 
gage,  and  this  immunity  would  seem  to  be  due 


to  the  fact  that  bubbles  will  not  readily  form 
as  long  as  the  relative  diminution  of  pressure 
is  kept  at  a  rate  of  1  to  2. 

In  coming  up  from  S3  feet  to  the  surface, 
or  from  99  to  S3  feet,  165  to  66  feet,  or  231 
to  99  feet  there  should  be  no  formation  of 
bubbles,  and,  generally  decompression  can  be 
safely  proceeded  with  if  the  difference  be- 
tween the  relative  pressures  of  the  air  and 
nitrogen  dissolved  in  the  blood  and  tissues  is 
not  more  than  in  the  proportion  of  about  2 
to  1. 

This  assumption  is  of  great  practical  impor- 
tance, as  desaturation  will  naturally  go  on 
faster  the  greater  the  relative  difference  we 
can  establish  without  undue  risk.  In  gradual 
and  equal  decompression  the  absolute  differ- 
ence between  the  air  pressure  and  the  nitro- 
gen pressure  in  the  tissues  necessarily  goes 
on  increasing,  and  is  greatest  at  the  end  of 
the  process.  It  is  the  relative  and  not  the 
absolute  difference  in  the  nitrogen  pressure 
that  matters,  so  that  the  unsuitability  of  uni- 
form decompression  is  evident. 

The  great  advantage  of  the  "stage"  method 
has  been  proved  by  experiment.  It  was  found 
that  the  time  required  to  desaturate  a  diver 
who  was  completely  saturated  with  nitrogen 
at  41  lbs.,  95  feet,  was  at  least  90  minutes. 
In  30  fathoms,  80  lbs.,  sVa  hours  would  be 
required.  Such  a  length  of  time  is  impos- 
sible for  the  diver,  so  it  was  found  necessary 
to  limit  the  extent  of  saturation,  and  tables 
have  been  prepared  giving  a  scale  of  times 
that  divers  may  be  allowed  to  stay  in  deep 
water. 

Bubbles  once  formed  in  any  tissue  of  the 
body  are  liable  to  increase  in  size  as  long  as 
the  pressure  of  nitrogen  in  that  tissue  is 
greater  than  that  of  the  air,  and  symptons 
may  therefore  go  on  increasing  in  intensity 
for  two  or  three  hours  after  decompression. 

Researches  of  several  investigators  in  this 
line,  often  carried  out  with  much  personal 
risk,  have  revolutionized  the  practice  of  com- 
pressed air  working.  It  is  now  possible  to 
carry  out  operations  under  air  pressures  and 
at  depths  formerly  out  of  the  question,  pro- 
vided due  precautions  and  suitable  methods 
of  working  are  adopted.  Lieut.  Damont,  the 
recently  appointed  inspector  of  diving  in 
Great  Britain,  has  descended  to  a  depth  of 
210  feet  witohut  detriment  to  health,  this 
being  the  record  for  diving  work. 
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A  BIG  MEXICAN  DRAINAGE  TUNNEL 

A  tunnel  of  length  and  magnitude  compara- 
ble with  those  of  the  Alps  was  begun  some 
fifteen  years  ago  near  Pachuca,  Mexico,  for 
the  drainage  of  the  mines  of  Atotonilco  el 
Chico  and  those  adjoining.  The  work  has 
progressed  slowly,  but  there  is  prospect  that 
now  it  will  be  pushed  so  rapidly  that  it  will 
be    finished    in    four    years. 

The  tunnel  is  about  650  feet  lower  than  the 
lowest  mine  in  the  vicinity.  The  total  length 
of  the  tunnel  will  be  over  6  miles,  of  which 
up  to  this  time  only  about  one  mile  has  been 
driven  at  a  cost  of  $142,000.  A  new  water 
power  plant  is  being  installed  near  the  tunnel, 
and  electric  air  drills  will  be  employed,  when 
it  is  expected  that  progress  will  be  made  at  the 
rate  of  50  or  60  feet  per  week. 

This  tunnel  commences  at  an  altitude  of 
6,500  feet,  and  about  a  mile  and  a  half  to  the 
north  of  Atotonilco  el  Chico,  right  at  the  junc- 
tion of  the  rivers  Milagro  and  Puente.  The 
actual  direction  of  the  tunnel  is  20  degs.  40 
min.  S.  E.  in  order  to  pass  near  the  Califor- 
nia shaft  which  will  be  used  for  ventilation. 
Its  direction  then  changes  so  that  it  will  pass 
a  little  to  the  east  of  San  Pedro  shaft,  then 
toward  San  Rafael  and  other  mines  north  of 
Pachuca.  The  section  of  the  tunnel  is  nearly 
12  feet  vertical  and  horizontal.  To  give  the 
water  an  easy  flow,  and  also  that  the  cars  may 
run  by  their  own  gravity  the  incline  is  5-1000. 

Although  the  tunnel  is  ostensibly  a  charit- 
able enterprise,  its  earnings  when  completed 
being  intended  to  be  used  for  the  erection  and 
maintenance  of  a  home  for  invalids  and  or- 
phans in  Pachuca,  important  practical  results 
are  expected  from  it,  among  which  are  the 
following:  The  possibility  of  making,  at  a 
depth  never  before  reached  by  more  than  300 
meters,  a  very  economical  exploitation  of  all 
of  the  mineral  veins  of  El  Chico  located  in  the 
mines  of  that  company  and  that  of  Arevalo. 
This  exploration  could  be  made  by  means  of  a 
cut  commenced  from  the  Nepton,  as  the  tun- 
nel is  named,  and  continued  horizontally  east 
and  west  inside  of  the  respective  claims  with- 
out expense  of  constructing  buildings,  and 
with  great  economy  in  the  way  of  management, 
drainage   and   extraction   of   ore. 

The  shaft  of  the  California  once  crossed,  the 
Nepton  will  change  its  course  slightly  to  the 
west  in  order  to  connect  with  some  of  the  cuts 
to    the   north    of    Pachuca.      This    long   course 


will  also  make  it  possible  to  determine  the 
structure  and  formation  of  the  mountains  that 
separate  the  mineral  regions  now  known  as 
Pachuca  and  Atotonilco  el  Chico,  it  being  sup- 
posed that  silver  veins  exist  there. 

Arriving,  at  two-thirds  of  its  length,  under 
the  small  surface  of  the  Sabanilla  the  tunnel 
will  cross  the  base  of  the  boulders  of  crests 
of  las  Ventanas  at  a  depth  of  900  meters  (the 
greatest)  which  should  produce  an  increase  in 
the  temperature. 

When  the  tunnel  is  in  communication  with 
the  mines  in  the  vicinity  of  Pachuca  it  will 
give  them  permanent  and  secure  drainage  and 
a  cheaper  extraction,  making  the  same  one- 
eighth  of  what  it  is  at  present.  With  these 
facilities  it  is  expected  that  many  new  mines 
will  be  opened  which  will  augment  the  riches 
of  the  republic. 

The  veins  near  Pachuca  being  reached  it 
will  be  easy  to  follow  any  of  them  toward 
Real  del  Mone,  and  either  in  or  out  of  a 
vein  to  Santa  Gertrudis.  The  road  being  fin- 
ished to  San  luan  and  equipped  with  its  indis- 
pensable railroad  it  would  serve  for  traffic  and 
could  be  used  from  Amajac  towards  the  dis- 
tricts of  Atotonilco,  Metztitlan,  Zacualtipan, 
etc.,  saving  time,  trouble  and  expense  and 
avoiding  the  fatigue  and  time  consumed  by 
way  of  Britos  or  Casas  Quemadas. 


THE  COST  OF    LAYING  6  AND  8-INCH 

WROUGHT-IRON    SCREW-JOINT 

PIPE  FOR  AIR 

By  E.  E.  Harper.* 

During  the  summer  of  1907  the  writer  had 
occasion  to  lay  about  7,000  ft.  of  8-in.  and 
4,000  ft.  of  6-in.  well  casing,  to  be  used  as  an 
air  line  for  compressed  air  at  80  to  90  lbs. 
pressure.  Very  careful  attention  was  given 
to  the  cost  of  this  work.  In  view  of  the 
scarcity  of  similar  cost  data,  if  any  be  avail- 
able, I  submit  my  itemized  figures  to  the 
profession  through  your  columns. 

The  work  was  all  performed  by  common 
labor,  none  of  the  men  being  experienced  in 
pipe-laying.  The  accompanying  tables  give 
the  cost  per  100  ft.  of  laying  the  6-in.  and  8- 
in.    casing.      The    illustrations    show    the    de- 


*Of    Ward    &    Harper,    Civil    and    Mining 
Engineers,  Sturgis,   Ky. 
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COST  OF  LAYING  6  AND  8-IN.   (OUTSIDE    DIAMETER)       WROUGHT-IRON   AIR-SUPPLY   PIPE  FOR   THE 
FEDERAL   LEAD    CO..    FLAT    RIVER,    MO. 

Cost  6-IN.,  FROM  NO.  9  SHAFT  TO  NO.  10  SHAFT. 

Item.  per  100  ft.  Remarks. 

f  6-in.  O.D.  lap-welded  casing.    Weight,  15  lbs.  per  ft.     At.  length  of 

1  Size   and  kind J  joints,  20.1  ft 

I  Laid   with   sleeve   couplings,    lift   breads  per  in.    Flange  union  every 
U       150  ft.    U-bends  for  expansion  every  500  ft 

2  Length    4118  ft 

3  Surveying    and    superintendence. .  $0.70 

4  Cost  of  laying .-.     3,137      Actual  cost  of  connecting  pipe.     Cost  per  Joint,  62.6c. 

5  Av.   ft.  laid  per  day *5S8.2  =  29.3  Joints. 

6  Crew    and    wages f Av-  5r?w'  485  men  at  20c-;      *  foreman  at  30c.;   1  waterboy  at  10c. 

""»"  j  See  premium  schedule. 

7  Clearing    right-of-way    0.327     Small  brush,  etc.     Cut  line  10  ft.  wide. 

[Av.  haul,  3,000  ft.  bad  roads,  steep  and  rough.    Includes  loading  pipe 

8  Hauling    and    distr 1.578     \        on  cars  and  unloading  and  hauling  and  dlstr.     Teams'  and  drivers. 

I       $3  per  day.     Incl.  7  U-bends. 

9  Blocking  to  grade-. 0.116     /includes  temporary  blocking  and  bending  pipe  in  5  places  by  build- 

I        lng  nres  on  same. 

10  Cost   of    bents 0.45       Carpenter  work  only.    About  20  bents.  Av.  3  ft.  height  4  x  6-in.  stuff. 

11  Anchors   for  U-bends 2.29      °  J?ier8>  %  cu-  **  eacn>  512  eacn-  *"**•  bolts  and  clamps.  (Est  cost.) 

19  T>.in*iT,o.  ft  Art       i  Paint,  $1  per  gal.    Labor,  20c.  per  hr.    Pipe  cleaned  with  wire  brushes. 

LJ  Painting    aw       \      Glven   J   coat  mmerai  paint.    (Est  cost) 

13  Tools 0.10      Shopwork,  depreciation. 

14  Testing    ...;.... 0.30       (Est.  cost) 

15  Total  cost  of  laying 9.898 

16  Cost  of  pipe 

f  Weather  fair  except  1  day.     Men  worked  in  rain  4  hrs.  and  laid  22 

17  Weather,    etc {        Joints.      Men   walked   2%   to  3   miles   to   and   from   work.      Time 

I       Aug.  15  to  24,  '07. 

•Best  day's  work,  1065  ft.  or  53  Joints  by  6  men,  lncl.  foreman,  or  177.5  ft.  each,  actual  time  9  hrs.  (See  17)* 
2d  best  day's  work  883  ft.  or  44  Joints  by  6  men,  lncl.  foreman,  or  147.1  ft.  each,  actual  time  9  hrs  (9ee  17)' 
poorest  day's  work  120  ft.  or  6  Joints  by  6  men,  incl.  foreman,  or  20  ft.  each,  actual  time  9%  hrs.   (See  17). 

No  excuse  except  poor  Judgment  and  bad  management  of  foreman. 

Cost  8-IN..  FROM  NO.  3  MILL  TO  NO.  9  SHAFT. 

Item.  per  100  ft  Remarks. 

(8-ln.  O.  D.  Lap- welded  casing.    Weight,  20  lbs.  per  ft.    Av.  length  of 

1  Size  &  kind  of  pipe J        Joints.  19.15  ft. 

1  Laid  with  sleeve  couplings,  11%  threads  per  in.     Flange  union  every 
l        150  ft     U-bends  for  expansion  every  600  ft 

2  Length   of   line 7,101ft 

3  Surveying    and    superintendence. .  $1.00 

4  Cost  of  laying 8.58        Actual  cost  of  connecting  pipe.    Cost  per  Joint,  69.3c. 

5  Av.  ft  laid  per  day »503.6  per  day  of  10  hrs.  =  26.3  Joints. 

6  Crew    and    wagee JAv-  crew,  6.92  men  at  20c.    per  hr.;  1  foreman  at  30c.;  1  waterboy  at 

_■  ».-—      I        lO0-  per  hr.     See  premium  schedule. 

7  Clearing  right  of  way 0.187     Small  brush,  etc.     Cut  line  10  ft.  wide. 

.  .„„.    J  Incl.  12  U-bends,  which  cost  $1  each  to  haul.    Team  and  drivers  at 

8  Hauling  and  distr.  pipe 1.0321  {        30c.  per  hr. ;  laborers,  at  20c.;  foreman  at  30c.   per  hr. 

9  Blocking   to   grade 1.11       Temporary   Supports.     Bents    put   in   afterward. 

in  pn.t   „f  h«,T,f=  1  ftftOT    (Carpenter  work  only.     Abt.  80  bents  of  4  x  6-in.  stuff  from  1  to  16 

10  Cost  of  bents I.WRH    }        ft    h,gh.  av    6  ft    hign.  spaced  ^  ftt  apart 

11  Anchors  for  U-bends 2.535    12  piers  at  1  cu.  yd.  each,  $15  each,  incl.  bolts  and  clamps. 

12  Painting    1.20       (  Paint,  $1  per  gal.    Labor,  20c.  per  hr.  Pipe  cleaned  with  wire  brushes. 

«  ,/uvn    «        Given  1  coat  mineral  paint. 

13  Tools     0.1022  shop  work,  depreciation,   etc. 

{Includes  laying  &  connecting  200  ft.  of  4-in.  pipe  to  pump  line.  Test- 
ed to  110  lbs.  hydraulic  pressure.  Leaks  developed  at  two  tees  in 
line,  and  these  were  repaired.  Line  tested  again  and  found  O.  K. 

15  Total  cost  of  laying 12.203     Not  including  cost  of  pipe. 

16  Cost  of  pipe 76.40       F.O.B.  McKeesport,  Pa.,  76c.;  frt.  McKeesport  to  Flat  River,  40c. 

17  Weather,    etc j  July  2,  '07,  to  Aug.  5,  '07,  weather  hot  and  sultry  most  of  time.  Ther- 

\        mome£er  from  85°  to  100°  In  shade;  ave.,  90°. 
•Best  day's  work,  613  ft  or  32  Joints  by  6  men,  lncl.  foreman,  or  102  ft.  each;  2d  best  day's  work,  675  ft.  or  35 
Joints  by  7  men,  lncl.  foreman,  or  96.4  ft  each;  poorest  day's  work,  380  ft.  or  20  joints  by  7  men,  IncL   foreman,   or, 
64  each. 


vices  used  to  facilitiate  the  work.  The  great- 
est cause  of  delays  in  laying  screwed  pipe  is 
the  difficulty  in  getting  each  successive 
length  of  pipe  into  line  and  keeping  it  there 
until  the  first  threads  take  hold  and  the  pipe 


begins  to  screw  together.  To  overcome  this 
difficulty  a  cradle  for  supporting  the  pipe 
at  the  joint,  a  jack  for  adjusting  and  sup- 
porting the  outer  end  of  the  pipe  and  a 
straight-edge    for    lining    the    pipe    were    de- 
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FIG  1.— STRAIGHT-EDGE  USED  IN  CONNECTING   SBREW-.IOINT   WROUGHT-IRON    PIPE. 

(Adjusted  as  tested  on  a  straight  length  of  pipe.) 
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vised.  The  cradle  holds  the  threaded  end  of 
the  pipe  in  position  to  enter  the  sleeve  coup- 
ling on  the  last  joint  laid;  the  jack  allows 
both  vertical  and  horizontal  adjustment  of 
the  joint  of  pipe;  and  the  straight-edge  shows 
when  the  pipe  is  in  line  ready  to  screw  to- 
gether.   The  cradle  was  simply  a  wood  block, 


FIG.  2— JACK  AND  CRADLE. 

8x8  ins.  x  24  ins.  in  length,  with  a  groove 
having  a  4-in.  radius  cut  in  its  top.  The  jack 
is  shown  by  Fig.  2,  and  the  straight-edge 
by  Fig.  1.  The  movable  block  on  the  straight- 
edge (Fig.  1)  is  necessary  because  it  is  al- 
most impossible  to  make  a  12-ft.  straight- 
edge that  will  remain  true  for  more  than  a 
day. 


•PREMIUM   SCHEDULE  FOR   LATINO  8-IN.   PIPE. 

After  working  four  days  the  following  schedule  was 
adopted  and  the  men  were  paid  according  to  the  num- 
ber of  joints  laid  per  day.  No  deduction  was  made  for 
U-bends  or  fltUngs. 

A  U-bend  counted  as  1  Joint. 

For  every  man  added  to  the  crew,  add  3  joints. 

For  every  man  less  than  the  crew,  deduct  3  joints. 

In  counting  joints,   any  odd  joints  carried  forward  and 
counted   next   day.      Thus,   28  joints   gives   11   nxs.    time 
with  2  joints  to  credit  of  crew  for  next  day's  work. 
Schedule   for   5   men,    1   foreman,    1   waterboy. 

22  joints   (or  less) 10  hrs.  time  for  crew 

26  joints 11  hrs.  time  for  crew 

29  Joints 12  hrs.  time  for  crew 

32  joints 13  hrs.  time  for  crew 

35  joints 14  hrs.  time  for  crew 

38  joints 15  hrs.  time  for  crew 

41  joints 16  hrs.  time  for  crew 

44  joints. 17  hrs.  time  for  crew 

47  jointe 18  hrs.  time  for  crew 

50  joints 19  hrs.  time  for  crew 

53  Joints 20  hrs.  time  for  crew 

"Same  schedule  used  in  laying  6-ln.  pipe,  except  that 
size  of  crew  was  reduced  by  one  man. 

These  devices  saved  fully  50  per  cent,  over 
the  crude  and  unsatisfactory  method  of  using 
blocks  to  hold  the  pipe  in  line.  There  was 
no  straining  and  lifting  to  hold  the  pipe  in 
place,  and  as  the  pipes  were  started  together 
straight  there  were  no  stripped  threads  and 
bad  joints,  and  the  pipe  made  up  so  easily 
that  one  man  with  a  pair  of  3-ft.  tongs  often 
screwed  an  8-in.  pipe  half  way  up ;  it  was  then 
completed  by  four  men  using  two  pairs  of 
tongs  with  8-ft.  handles. 


The  threads,  both  male  and  female,  were 
cleaned  with  wire  brushes.  Dixon's  pipe 
joint  compound  was  used  on  all  screwed 
joints.  Ring  gaskets  of  1-16-in.  rainbow 
packing  were  used  on  flange  joints  (see 
table),  the  gasket  being  pasted  to  one  flange 
with  coal-tar  roofing  paint,  which  held  it  in 
position  while  the  joint  was  being  made. 
The  premium  schedule  (see  foot  note  to 
table)  allowing  overtime  if  more  than  a  cer- 
tain amount  of  pipe  was  laid  per  day,  proved 
quite  satisfactory  and  kept  the  men  hustling. 
— Engineering  News. 


DRYING  AIR  FOR    BLAST  FURNACES 

British  patent  No.  251 12  of  1906  describes 
an  interesting  method  of  drying  the  air  used 
in  blast  furnaces.  A  salt  is  used  which  takes 
up  water  of  crystallization  without  deli- 
quescing and  which  subsequently  gives  up 
its  water  at  a  comparatively  low  tempera- 
ture. The  sulphates  of  zinc,  copper  or  mag- 
nesium are  the  most  suitable.  In  preparing 
the  drying  apparatus,  porous  material,  such 
as  common  brick,  is  immersed  in  saturated 
solutions  of  the  sulphate  and  so  impregnated 
with  the  hydrated  salt.  The  bricks  are  then 
built  up  into  the  drying  chamber,  and  sub- 
jected to  heating  by  means  of  hot  air  or 
some  inert  gas.  The  water  of  crystalization 
is  thus  driven  off  and  the  bricks  are  then 
ready  for  dealing  with  the  blast  as  it  comes 
from  the  blowing  engine.  In  practice,  the 
drying  chambers  will  be  arranged  in  pairs 
so  that  one  is  drying  the  blast  while  the 
other  is  having  its  water  of  crystallization  re- 
moved by  the  hot  air,  and  the  pair  of  cham- 
bers will  be  fitted  with  suitable  reversing 
valves. 


PNEUMATIC  HAMMER  POWER  TESTS 

The  Engineer,  London,  did  an  excellent  and 
eminently  practical  thing  in  arranging  for  a 
test  of  pneumatic  hammers  in  regular  black- 
smith work  for  the  purpose  of  determining  the 
power  consumed  in  operating  them.  The  tests 
were  made  at  the  works  of  Messrs.  B.  and  S. 
Massey,  Openshaw,  England.  There  were 
three  hammers  with  falling  weights  of  I,  3 
and  7  hundred  weights  respectively. 

Fig.  1  shows  the  largest  hammer  from  which 
the  common  type  may  be  understood.     It  will 
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be  seen  that  they  were  not  steam  hammers  of 
the  regular  type  with  compressed  air  substi- 
tuted for  steam  as  the  actuating  fluid,  but  were 
actuated  by  alternate  pulsations  of  air  from 
the  inclined  air  cylinder  at  the  side,  the  piston 
of  this  cylinder  being  driven  from  a  horizontal 
crank-shaft    belted    to    a    line-shaft    overhead. 


piston.  As  the  air  does  its  work  simultane- 
ously with  its  compression,  the  usual  heat 
losses  are  avoided.  The  line  shaft,  3-inch  di- 
ameter and  30  feet  long  with  five  hangers  was 
driven  by  an  electric  motor,  and  an  ammeter 
gave  the  means  for  an  accurate  record  of  the 
power  consumption.    The  smallest  hammer  had 


FIG.  II.- SAMPLES  OF  WORK  OF  PNEUMATIC  HAMMER. 

Only  the  actual  air  pressure  required  is  pro- 
duced ;  the  air  works  with  full  advantage  of 
its  expansion,  it  being  in  fact  merely  a  spring 
between  the  pulsator  piston  and  the  hammer 


Refer- 
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FIG. I.— PNEUMATIC  POWER  HAMMER. 
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Power,  B.  of  T.  U.  (kilowatt  hours) 


1  cwt. 


Total  power  used  in  two  hours  by 
hammers  (exclusive  of  transmission 
losses)        


Ditto,  per  hour  . 


Average  power  used  by  hammers 
(exclusive  of  transmission  losses), 
B.H.P 


013 
024 

0-46 

•41 
0-24 


3  cwt. 


0-34 
0-34 
0  45 
056 

0-45' 


7  cwt 


0-57 
0-44 

0-45 

045 


Power  used  in  driving  shaft  and  belts  (average  efficiency  of 
motor  85  per  cent),  B.H.P. 


Average  power  for  three  hammers,  shaft  and  belts,  B.H.P. 


Cost  with  engine  power  at  &d.  per  B.  H.  P.  per  Itour,  pence  . . 
(or  electric  current  at  '77d.  per  B.  of  T.U.,  average  efficiency 
of  motor  being  85  per  cent.) 


ToUL 


TABLE  OF  PNEUMATIC  POWER  HAMMER  TESTS. 

a  stroke  of  12  inches  and  made  250  blows  a 
minute;  the  second,  17  inches  and  160  blows; 
and  the  third,  24  inches  and  120  blows  a  min- 
ute. 

A  number  of  pieces  of  work  were  chosen  to 
be  done  by  each  hammer.  These  are  shown  in 
three  groups  in  Fig.  2,  and  the  power  results 
of  the  tests  are  given  in  the  table.  The  aver- 
age power  used  by  the  hammers,  exclusive  of 
losses  in  transmission,  was  1.30,  1.87,  and  2.36 
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brake  horse  power,  while  the  average  power 
required  to  drive  the  three  hammers, 
with  shafting,  belting  and  bearing  fric- 
tion was  only  11.59  brake  horse  power.  The 
highest  power  required,  with  not  more  than 
one  hammer  operating  at  once,  is  24  brake 
horse  power.  The  total  cost  of  power  for  op- 
erating this  set  of  hammers  through  shafting 
and  belts  will,  of  course,  vary  with  that  of  the 
motive  power,  but  if  a  gas  engine  be  em- 
ployed giving  1  brake  horse  power  for  1  cent, 
a  fairly  liberal  figure,  the  cost  would  only 
amount  to  about  12  cents  per  hour. 


THE  EAST  RIVER  GAS  TUNNEL 

The  first  completed  tunnel  under  the  East 
River,  that  of  the  East  River  Gas  Company, 
for  the  transmission  of  illuminating  gas  from 
the  gas  works  in  Long  Island  for  distribu- 
tion throughout  Manhattan,  was  of  unusual 
interest  and  importance  in  that  its  successful 
completion  demonstrated  the  entire  possi- 
bility of  constructing  similar  tunnels  under 
the  same  waterway  wherever  they  may  be 
required  and  also  that  the  progress  of  the 
work  revealed  the  peculiar  conditions  and 
the  special  difficulties  which  might  be  ex- 
pected to  be  encountered  in  similar  under- 
takings in  the  same  neighborhood.  This  tun- 
nel was  not  as  large  in  section  as  would  be 
required  for  a  standard  railroad,  or  even  for 
trolley  cars  and  general  traffic,  but  it  was  still 
large  enough  to  reveal  all  the  difficulties 
which  a  larger  construction  would  have  in- 
volved. The  rock  section  was  required  to  be 
8  1-2  feet  high  and  10  feet  wide,  and  the  head- 
ing was  driven  the  full  width.  The  location 
of  the  tunnel  is  from  Webster  Avenue,  Rav- 
enswood,  Long  Island  under  both  channels 
of  the  East  River,  with  Blackwell's  Island 
between  them,  to  Seventy-second  Street, 
Manhattan.  The  roof  grade  of  the  tunnel 
was  40  feet  below  the  lowest  point  in  the  bed 
of  the  river,  which  was  in  the  west  channel, 
and  in  feet  below  mean  high  water  mark. 
The  water  in  the  east  channel  was  not  more 
than  half  so  deep  as  that  in  the  west  channel 
so  that  the  depth  of  ground  over  the  tunnel 
was  there  much  greater. 

Preliminary  investigation  revealed  bed 
rock  on  both  sides  of  the  river  only  a  few 
feet  below  the  surface  and  also  on  the  island, 
and  drill  soundings  made  with  difficulty  in 
both  channels  seemed  to  show  from  two  to 


five  feet  of  sand  and  gravel  at  the  bottom 
and  then  solid  rock,  so  that  the  driving  of 
the  tunnel  was  expected  to  be  a  clean  and 
uninterrupted  job  straight  through,  and  the 
contract  for  the  job  was  placed  on  that  basis. 

Work  was  begun  by  the  contractors,  Mc- 
Laughlin, Reilly  &  Co.,  at  the  Long  Island 
end  June  28,  1892.  Bed  rock  was  found  9  1-2 
feet  below  the  surface,  a  compact  gueiss  al- 
most approaching  granite.  Work  commenced 
on  the  New  York  end  July  10.  The  rock 
here  was  the  regular  micacious  gueiss  known 
as  "New  York  rock."  The  rock  in  the  New 
York  shaft  was  straight  grained  with  dip  of 
about  10  degrees  from  the  vertical,  striking 
nearly  north  and  south  and  becoming  harder 
as  the  depth  increased.  No  water  or  any  ab- 
normal difficulties  were  encountered  and  the 
bottom  of  the  shaft  was  reached  at  the  end 
of  October,  139  1-2  feet  below  the  surface. 
At  the  Long  Island  shaft  the  progress  was 
not  as  rapid.  The  rock  was  seamy  and  much 
water  was  encountered.  There  was  no  relia- 
ble water  supply  for  the  boilers,  and  the  wa- 
ter obtainable,  although  not  salt,  was  en- 
tirely unfit  for  use  and  there  were  numerous 
stoppages  during  the  entire  continuance  of 
the  work  on  account  of  the  water  supply. 

The  care  and  precision  with  which  the  line 
was  laid  are  indicated  by  the  fact  that  when 
the  headings  met,  1,678  feet  from  the  New 
York  shore,  the  lines  were  within  1-2  inch 
of  each  other  laterally  and  1  1-4  inch  verti- 
cally. 

Two  Ingersoll-Sergeant  compressors  were 
installed  at  each  end  of  the  tunnel,  and  drills 
of  the  same  company  were  employed 
throughout  the  work.  On  the  New  York 
end  the  driving  of  the  heading  proceeded  to 
a  distance  of  348  feet  when  a  seam  of  de- 
composed rock  was  struck,  a  straight  face 
across  the  heading.  After  advancing  into 
this  9  feet  it  was  found  unsafe  to  proceed, 
the  ground  finally  having  reached  "about  the 
consistency  of  soup."  A  steel  air  lock  6 
feet  diameter  and  10  feet  long  was  made  and 
fastened  solidly  in  the  rock,  and  working  un- 
der air  pressure  was  commenced,  the  initial 
pressure  being  35  pounds;  electric  lighting 
was  installed. 

The  heading  was  enlarged  and  changed  to 
a  circle  12  feet  in  diameter.  The  tunnel  in 
this  part  was  lined  as  it  advanced  with  light 
plates  of  wrought  iron   connected  with  angle 
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irons,  and  12  inches  of  brick  work  was  laid 
inside  the  plates.  One  half  of  the  thickness  of 
the  brick  was  subsequently  removed  and  a 
lining  consisting  of  cast  iron  segments  bolted 
together  finished  the  job. 

The  working  air  pressure  was  ultimately 
raised  to  48  pounds,  which  was  higher  than 
men  had  ever  worked  in  before,  and  tliey 
began  to  experience  serious  diiflculty  in  con- 
tinuing the  work.  Four  deaths  in  all  resulted 
from  the  air  pressure,  and  there  were  no 
other  deaths  or  accidents  in  the  entire  pro- 
gress of  the  work.  The  first  man  to  die  was 
a  foreman.  The  second  man  had  been  long 
out  of  employment  and  was  in  very  low  con- 
dition. He  died  in  the  air  lock  after  his  first 
shift  of  two  hours.  The  third  man  became 
paralyzed  from  his  shoulders  down  and  diod 
soon  after.  The  fourth  man  died  nearly  a 
year  after  the  others. 

In  connection  with  this  feature  of  the  work 
the  following  rules  for  men  working  in  com- 
pressed air  were  formulated  by  Dr.  Andrew 
H.  Smith  of  the  Presbyterian  Hospital: 

Rules  for  Men  Working  in  Compressed 
Air: 

1.  Never  enter  the  air  lock  with  an  empty 
stomach. 

2.  Use  as  far  as  possible  a  meat  diet,  and 
take  warm  coffee  freely. 

3.  Always  put  on  extra  clothing  in  com- 
ing out,  and  avoid  exposure  to  c  dd. 

4.  Exercise  as  litle  as  may  be  during  the 
first  hour  after  coming  out,  and  lie  down  if 
possible. 

5.  Use  intoxicating  liquors  sparingly.  Bet- 
ter not  at  all. 

6.  Take  at  least  eight  hours  sleep  every 
night. 

7.  See  that  the  bowels  .ire  evacuated  every 
day. 

8.  Never  enter  the  lock  If  at  all  sick 

9.  In  exit  from  the  air  lock,  the  time  occu- 
pied should  be  five  minutes  for  each  atmo- 
sphere above  the  normal. 

The  earliest  injurious  effect  experienced 
is  an  itching  caused  by  air  globules  in  the 
capillaries,  which  may  be  quickly  cured  by 
inducing  profuse  perspiration. 

The  "bends,"  a  more  serious  trouble,  is  an 
intense  rheumatic  pain  in  the  joints  caused 
by  air  globules  in  the  sockets. 

Paralysis  leaves  lasting  injury  and  is  us- 
ually the  cause  of  death  whe.i  it  occurs. 

A  highly  steam  heated  dressing  -ooni  was 


found  beneficial,  with  copious  supplies  of 
hot,  strong  coffee 

For  pressures  up  to  30  pounds  the  men 
worked  two  shifts  of  four  hours  each,  with 
one  hour  of  rest  between.  For  the  highest 
pressure  the  men  worked  only  1  1-2  h  >urs  at 
a  time,  and  4  1-2  hours  for  the  entire  day. 

The  information  herein  contained  is  most- 
ly abstracted  from  the  report  of  the  chief  en- 
gineer, Mr.  Charles  M.  Jacobs,  Mem.  Inst. 
C.  E.  Mem.  Inst.  M.  E.  The  following  nar- 
ration of  a  bit  of  experience  of  Sunday, 
March  26,  1893,  is  quoted  from  the  report. 
"In  order  to  keep  an  exact  record  of  the  air 
pressure  I  had  fitted  up  an  Edson  automatic 
recording  pressure  gauge  with  high  and  low 
pressure  alarm  bells  attached.  The  foreman 
of  the  contractors  with  the  engineer  had 
broken  the  lock  and  removed  the  pencil. 
The  fires  were  nearly  out  and  the  compres- 
sors were  stopping,  the  pressure  having  'fal- 
len 11  pounds.  A  large  quantity  of  soft 
ground  had  worked  into  the  heading,  entail- 
ing more  exercise  of  ingenuity  and  determ- 
ination to  get  things  going  right  again.  A 
great  cavity  had  washed  in  and  the  water  was 
bringing  it  down   continuously." 

In  the  progress  of  the  work  serious  trou- 
bles occurred  with  the  contractors  who  fi- 
nally abandoned  the  entire  contract.  At  one 
point  they  had  to  be  restrained  by  injunction 
from  removing  their  compressors  at  a  criti- 
cal time.  The  air  pressure  would  not  have 
been  maintained  and  a  general  collapse 
might  have  resulted.  The  matter  became  a 
subject  of  litigation. 

At  the  Long  Island  end  of  the  work  the 
troubles  had  their  own  individuality.  Bad 
and  insufficient  water  for  the  boilers  caused 
frequent  stoppages  while  it  was  essential  to 
keep  the  pumps  active  to  prevent  drowning 
out.  The  first  soft  ground  was  met  253  feet 
from  the  shaft,  and  at  285  feet  a  green  slimy 
and  almost  liquid  material  began  oozing  out 
which  so  embarrassed  the  contractors  that 
they  then  abandoned  the  work  allowing  the 
heading  to  fill  with  water. 

The  stringency  of  the  money  market  in 
1893  was  another  incident  which  caused  a 
cessation  of  all  operations  for  a  couple  of 
months. 

A  neighboring  picnic  place,  "Jones's 
Woods,"  took  fire  and  with  it  was  destroyed 
the  entire  plant  at  the  New  York  end.  and 
before  pumps  and  compressors  could  be  in- 
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stalled  the  heading  was  drowned  out  again. 
The  time  of  greatest  anxiety,  difficulty  and 
risk  was  when  in  advancing  the  shield  at  the 
New  York  end  a  shelving  bank  of  rock  was 
found  in  front  of  the  bottom  of  the  shield, 
while  at  the  top  was  the  softest  black  mud. 
It  was  necessary  to  blast  out  this  rock  in  the 
floor  in  advance  of  the  shield  and  to  get 
through  the  bulkhead  which  had  been  put  in 
when  the  work  had  been  abandoned.  Direct 
communication  was  opened  with  the  river, 
so  that  refuse  and  even  live  crabs  came  into 
the  tunnels.  The  leakage  of  air  was  so  great 
that  both  compressers  at  the  limit  of  their 
speed  had  difficulty  in  maintaining  the  pres- 
sure of  48  pounds.  The  difficulties  continued 
until  the  shield  was  entirely  entered  into  the 
black  mud.  when  the  pressure  was  reduced 
and  the  shield  was  advanced  at  the  rate  of  6 
feet  per  day.  The  shield  was  pushed  forward 
by  twelve  hydraulic  jacks  with  a  combined 
thrust  of  600  tons.  The  second  soft  place 
extended  08  feet.  The  rock  ahead  was  badly 
seamed,  but  finally  became  solid  again  and 
then  in  two  weeks  101  feet  and  94.6  feet  ad- 
vance respectively  was  made,  which  rate 
had  never  been  surpassed  in  that  class  of 
rock. 

The  headings  met  July  11,  1894,  1,676  feet 
from  the  New  York  shaft.  The  total  distance 
from  shaft  to  shaft  was  2,550  feet,  so  that 
two  thirds  of  the  length  was  driven  from  the 
New  York  end.  When  working  in  solid  rock 
the  average  progress  was  69  feet  per  week. 
Bonuses  were  given  to  foremen  and  to  some 
of  the  gang  leaders. 

Considering  the  unexpected  difficulties  en- 
countered and  the  delays  from  so  many  dif- 
ferent causes  the  total  time  from  the  begin- 
ning to  the  completion  of  the  tunnel,  a  few 
days  over  two  years,  must  be  considered  re- 
markable, and  could  only  have  been  possible 
with  constant  resourcefulness  and  untiring 
push.  After  the  ends  met  there  was  little 
more  to  be  done  and  in  a  very  short  time  a 
36  inch  gas  main  was  laid  with  an  uninter- 
rupted motor  car  track  at  the  side  of  it. 


The  best  preventive  of  the  spontaneous 
ignition  of  coal  is  a  small  cylinder  of  com- 
pressed carbon  dioxide  fitted  with  a  fuse  plug 
melting  at  200°F.  A  cylinder  1  ft.  long  and  3 
in.  diam.  would  be  sufficient  to  fill  the  pores 
of  8  tons  of  coal. 


ARTESIAN    WELL   PUMPING    BY 
COMPRESSED    AIR 

By   H.   Tipper,   M.   E. 

The  economics  of  artesian  well  pumping 
is.  particularly  to  the  people  of  the  South- 
west, an  important  question.  There  is  only 
a  small  amount  of  surface  water  in  that  dis- 
trict and  of  that  none  can  be  used  safely 
without  thorough  purification.  Artesian 
water  can  be  obtained  with  ease,  in  a  great 
majority  of  cases,  and  while  it  may  contain 
permanent  and  temporary  hardness,  it  is  free 
from  all  dangerous  contamination. 

Engineers,  independently  of  the  large 
manufacturers  of  compressed  air  apparatus, 
know  very  little  about  lifting  water  by  air, 
and  the  writer  has  observed  case  after  case 
where  this  has  been  the  cause  of  disastrous 
and  costly  experiments,  both  in  private  and 
city  plants. 

The  proper  proportion  of  air  and  water 
pipes,  the  proper  submergence,  the  condition 
of  the  casing,  and  the  style  of  lift  used  are 
points  which  appear  to  receive  vastly  too 
little  attention  from  the  people  in  charge, 
with  the  result  that  the  practice  of  using 
compressed  air  gets  saddled  with  faults  not 
of  its  making. 

The  assumption  that  an  air-lift  system  is 
getting  the  best  efficiency  of  a  well  because 
the  water  is  being  delivered  and  there  is  no 
apparent  defect  is  responsible  for  the  absence 
of  any  general  reliable  data  from  independ- 
ent sources  on  this  subject,  at  least  so  far 
as  it  pertained  to  the  Southwest,  and  it  is  to 
state  the  conditions  in  this  territory,  as 
found  by  the  writer,  that  this  article  is 
written. 

The  sands  from  which  the  artesian  water 
is  secured  in  the  State  of  Texas  vary  largely 
in  their  textures,  their  static  head  and  the 
depth  at  which  they  are  found.  Thus,  at  El 
Paso  there  are  four  or  five  water-bearing 
strata  within  300  ft.  of  the  surface,  and  the 
static  head  from  any  of  these  comparatively 
small.  North  Texas  is  supplied  from  the 
Trinity  sands  and  from  the  Paluxy  sands. 
Of  these  sands  the  Trinity  sands  are  the 
greatest  and  most  important.  Borings  have 
been  made  and  artesian  water  supplied  from 
these  sands  in  the  larger  part  of  Texas,  in- 
cluding Fort  Worth,  Dallas,  Waco,  Austin 
and    San    Antonio.      The    Trinity    sands    are 
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generally  a  white  quartz,  but  vary  greatly 
in  texture,  in  different  portions  of  the  strata. 

In  addition  to  the  cities  named,  a  number 
of  smaller  towns,  and  a  larger  number  of 
private  plants,  take  their  water  from  the 
Trinity  strata. 

In  Forth  Worth  the  depth  of  the  sand  from 
the  surface  is  about  1,000  ft.  and  the  static 
head  about  900  ft.;  in  Dallas  the  depth  is 
almost  2,000  ft.,  and  wells  have  flowed  there 
with  100-ft.  head  pressure. 

In  Waco  the  wells  all  flow,  though  not 
sufficiently  to  be  able  to  supply  the  town 
without  pumping.  All  along  these  sands  the 
conditions  are  good  for  artesian  pumping 
with  compressed  air.  In  the  first  place  the 
lift  is  not  more  than  150  ft.  The  submerg- 
ence can  be  placed  at  the  most  economical 
point,  and  the  water  which  is  secured  is  of 
excellent  quality. 

It  has  been  necessary  for  the  writer  in  the 
course  of  business  to  investigate  the  condi- 
tion of  numbers  of  wells,  and  in  very  few 
cases,  so  few  as  to  be  hardly  worth  consider- 
ing, have  the  wells  been  in  a  condition  which 
would  make  economic  pumping  possible. 
The  chief  difficulties  found  are: 

(1)  Bad  casings.  In  a  large  majority  of 
cases  the  wells  have  been  shot  with  dyna- 
mite at  the  least  suspicion  of  not  delivering 
the  required  amount  of  water.  Frequently 
this  has  been  done  carelessly  and  in  such 
a  manner  as  to  irreparably  damage  the  cas- 
ing, and  allow  the  air  to  escape  into  the  sur- 
rounding strata  instead  of  being  engaged  in 
lifting  the  water.  In  many  instances  the 
casing  had  been  allowed  to  rust  and  become 
perforated  with  holes  so  that  it  was  of  no 
value  for  use  with  an  air-lift.  There  seemed 
to  be  little  or  no  attempt  to  keep  the  casing 
in  good  condition. 

(2)  Badly  proportioned  air  and  discharge 
pipes,  and  poor  arrangements  of  pipes.  The 
use  of  air  pipes  of  altogether  too  small  diam- 
eter is  common.  This  causes  a  frictional  resist- 
ance of  a  very  expensive  character.  There 
may  also  be  noted  an  absence  of  any  at- 
tempt at  proportioning  the  discharge  pipe  so 
as  to  get  the  most  economical  delivery  of 
water  from  the  well. 

(3)  The  choking  of  well  with  the  remains 
of  rotted  pipes  and  former  attempts  at 
pumping.  It  is  surprising  how  often  this 
occurs. 

(4)  The  absence  of  any  tests,  or  any  means 


of  ascertaining  comparatively  the  perform- 
ance of  an  air-lift  at  one  date  with  another. 

It  is  absolutely  amazing  how  much  in  the 
dark  the  people  using  artesian  water  fre- 
quently are  as  to  the  amount  received.  Even 
in  large  cities  like  Fort  Worth  and  Waco 
there  are  no  records  of  tests  made  on  the 
wells  to  ascertain  the  amount  of  water  re- 
ceived or  the  cost  of  obtaining  it. 

The  cost  of  obtaining  water  from  the  ar- 
tesian strata  by  air-lift  varies  with  the  lift 
and  submergence,  but  in  the  average  a  great 
deal  of  the  cost  is  due  to  neglect.  In  my  in- 
vestigations of  the  subject  I  have  found 
that  the  efficiency  of  the  air-lift  in  moving 
water  from  the  same  strata  practically 
through  the  same  lift  and  under  similar  con- 
ditions runs  all  the  way  from  5  to  25  per 
cent. 

The  cost  of  delivering  the  water,  depends 
in  the  first  case  on  the  compressor,  and  the 
great  difference  in  compressors  allows  of 
some   consideration   of  that   subject. 

The  volumetric  efficiency  of  the  air  cylin- 
der of  a  250-ciL-ft.  compressor  ought  to 
reach  85  per  cent.,  yet  I  have  found  that 
badly  constructed  valves  and  long  narrow 
heated  ports  have  reduced  this  to  40  per 
cent,  in  several  cases. 

The  intake  valves  of  the  compressor 
should  be  a  large  part  of  the  cylinder  area. 
they  should  be  placed  and  posted  so  that 
the  rise  in  temperature  of  the  air  before  it 
reaches  the  cylinder  will  be  a  minimum. 
They  should,  if  possible,  provide  against  any 
chance  of  irregular  wear.  The  discharge 
valves  should  leave  as  little  as  possible  of 
clearance,  so  as  to  keep  the  volumetric  effi- 
ciency high  and  should  be  kept  away  from 
the  intake  valves. 

It  cannot  be  regarded  as  good  construction 
for  the  intake  and  discharge  valves  to  use 
the  same  ports:  as  the  passage  of  the  heated 
air,  when  discharged,  over  the  metal  over 
which  the  intake  air  must  afterwards  pass, 
results  in  the  heating  and  expansion  of  the 
incoming  air  unnecessarily  and  consequent 
loss  of  efficiency. 

The  state  in  which  compressors  are  al- 
lowed to  run  is  one  of  the  marvels  which 
keep     an      engineer     guessing.  While     the 

steam  engines  of  the  plants  receive  the  best 
attention,  too  often  the  compressor  must 
take  care  of  itself,  and  it  is  to  be  regarded 
as   to   the   credit   of   compressor   manufactur- 
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ers  that  they  stand  the  strain  so  well.  I 
have  seen  compressors  running  with  the  in- 
take pipes  open  not  6  ft.  from  a  boiler  fur- 
nace, absorbing  all  the  dust  from  the  boiler 
front  and  running  it  into  the  cylinder  to  the 
detriment  of  valves,  cylinder  and  all  other 
parts  around  the  cylinder.  In  the  same 
place  was  being  used,  in  the  air  cylinder,  a 
thick  black  steam  cylinder  oil,  and  the  thick 
oil  and  dust  must  have  formed  an  excellent 
grinding  material  round  the  piston. 

The  next  question  relates  to  the  piping 
of  the  well,  and  here  a  great  deal  of  damage 
is  done  and  a  great  deal  of  unnecessary  expen- 
diture incurred.  I  counted  in  four  weeks,  in 
this  territory,  over  25  cases  where  air  lines 
of  1  in.  had  been  used  to  supply  air  for  6-in. 
wells,  with  the  inside  air-line  system.  The 
average  length  of  the  pipe  was  350  ft.  from 
the  well  top;  and  often  it  was  another  300  ft. 
to  the  compressor.  Figure  out  the  frictional 
loss  occasioned  by  this,  and  the  additional 
load  thrown  on  compressor  by  the  loss. 
These  wells  were  pumping  an  average  of  75 
gals,  per  min.  and  using  a  compressor  de- 
livering 200  cu.  ft.  for  the  work,  with  a  net 
efficiency  of  about  6l/2  per  cent.  After  alter- 
ing one  of  these  pipes  to  a  2l/2-\n.  pipe  above 
the  well,  putting  in  a  receiver  storage  at  the 
discharge  of  the  compressor,  and  putting  a  2- 
in.  pipe  down  in  the  well,  the  average  delivery 
reached  180  gals,  per  min.  with  the  use  of  a 
little  less  than  200  cu.  ft.  of  free  air,  the 
efficiency  in  this  case  being  about  23  per  cent. 

In  another  case  I  found  two  wells  of 
different  depths,  worked  by  different  press- 
ures, being  fed  from  the  same  pipe,  with  of 
course  the  absolute  loss  of  one  well. 

In  experimenting  with  the  matter  I  have 
found  that  a  large  receiver  capacity,  and  a 
large  pipe  above  ground,  a  55  per  cent,  sub- 
mergence and  a  frictional  loss  of  not  more 
than  5  per  cent,  allowed  for  in  the  piping 
proportions  in  the  well  bring  the  best  re- 
sults. With  these  and .  a  lift  of  not  more 
than  200  ft.  I  have  been  able  to  get  an 
average  of  at  least  1  gal.  of  water  per  cu.  ft. 
of  air  per  min. 

The  use  of  long  lines  of  discharge  pipe 
from  the  well  horizontally,  instead  of  allow- 
ing the  well  to  discharge  into  a  basin  and 
the  water  to  flow  thence  by  gravity  or  be 
pumped  by  separate  pumps  to  its  required 
place,  have  a  bad  effect  on  the  efficiency 
of  the  air-lift  and  should  never  be  used.     The 


most  efficient  scheme  is  a  straight  lift  either 
to  surface  or  elevated  tanks,  all  long  hori- 
zontal work  to  be  taken  care  of  by  separate 
pumping  system. 

The  ultimate  economy  of  the  air-lift  as 
compared  with  pumping  jacks,  or  with  deep- 
well  pumps,  whether  steam  or  electrically- 
driven,  depends  not  at  all  on  the  efficiency, 
as,  percentage  for  percentage,  it  is  the  most 
expensive  system  of  pumping.  Its  utmost 
efficiency  is  not  more  than  25  per  cent,  to 
30  per  cent.,  while  that  of  deep-well  pumps, 
especially  of  the  double-acting  type,  runs 
very  much  higher.  The  economy  in  the  air- 
lift lies  in  its  power  of  supplying  a  much 
greater  quantity  of  water  from  the  same 
sized  well  than  the  deep-well  pumps,  except 
in  cases  of  low  submergence,  when  it  is 
useless   to   install   the    air-lift. 

Not  being  limited  to  a  certain  displace- 
ment capacity,  the  quantity  of  water  that 
can  be  raised  by  the  air-lift  is  limited  only 
to  the  amount  possible  for  that  sized  pipe 
to  carry  at  the  velocity  reached  from  the 
pressure  of  air  employed.  There  is  also 
economy  in  the  absence  of  working  parts 
down  in  the  well  and  in  saving  frequent  re- 
pairing to  these  with  great  loss  of  time  and 
money.  Properly  installed  and  properly  at- 
tended to,  the  air-lift  system  of  delivering 
artesian  water,  while  mechanically  inefficient, 
represents  the  least  troublesome,  most  desir- 
able and  most  easily  looked  after  system  of 
obtaining  the  water  under  these  circum- 
stances at  present  in  use. — Engineering  News. 


THE   WEQ    BREATHING    APPARATUS 

The  mechanical  drawing,  here  reproduced 
from  the  Engineering  and  Mining  Journal  of  a 
man  equipped  with  a  breathing  apparatus 
for  use  in  rescue  work  where  the  air  has 
been  rendered  unbreathable  by  fire  or  ex- 
plosion, has  a  decidedly  steam  boiler  effect. 
There  is,  however,  no  boiler  plate  about  it, 
the  entire  apparatus  weighing  only  about  30 
lbs.,  and  being  worn  or  carried  without  dis- 
comfort. 

The  wearer  breathes  into  and  out  of  a  bag 
which  is  provided  with  such  arrangements 
that  the  carbon  dioxide  is  absorbed  and  oxy- 
gen is  supplied  from  a  steel  cylinder  to  re- 
place that  which  is  used  up,  the  supply  of 
oxygen  being  regulated  automatically  with 
the   consumption.     The   cap  F  fits  the   head 
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of  the  wearer,  and  each  cap  has  to  be  fitted 
to  the  individual  head.  It  is  not  in  the 
nature  of  a  diver's  helmet.  The  fact  of  its 
fitting  this  way  provides,  as  it  were,  a  safety 
valve  in  case  the  pressure  inside  should  for 
any  reason  become  too  great.  The  oxygen 
cylinders  are  shown  at  A.  The  negative 
pressure  of  inhalation  draws  oxygen  through 
the  special  regulator  E  and  up  the  pipes  C 
into  the  pipe  P.  The  air  expired  by  the 
wearer  passes  down  the  pipe  K  to  the  pot- 
ash purifier  L  on  the  back,  and  after  having 
its  carbonic  oxide  removed,  passes  through 
the  pipes  M  into  the  breathing  bag  N  below. 
From  this  breathing  bag  the  air  is  drawn 
"up  through  the  pipe  P,  where  it  is  revived 
by  the  admission  of  oxygen  as  described. 
Valves  are  arranged  at  various  points  so 
that  this  circulation  of  the  air  is  properly 
maintained.  There  is  a  pressure  gage  at  S, 
and  a  direct  pipe  G  which  in  case  of  emer- 
gency can  be  used  to  supply  oxygen  direct 
to    the    mouthpiece.      The    cylinders    contain 


In  the  first  test  the  subject  worked  very 
hard  for  two  hours,  lifting  weights  chiefly, 
the  total  work  being  77,000  ft.  lb.  The  an- 
alyses showed  that  the  absorption  of  carbonic 
acid  was  good,  and  the  constantly  rising  per- 
centage of  oxygen  indicated  that  the  appar- 
atus was  being  washed  out  all  the  time.  The 
consumption  of  oxygen  was  only  1%  liters 
per  minute. 

The  second  test  commenced  with  a  period 
of  rest  extending  over  an  hour  and  a  half. 
The  subject  then  used  less  than  J/3  of  a  liter 
of  oxygen  per  minute.  Afterward  an  hour 
and  a  quarter's  hard  work  was  done,  during 
which  the  measured  work  was  92,000  ft.  lb. 
The  consumption  of  oxygen  rose  to  0.7  liter 
per  minute.  In  the  third  test  there  were 
five  men  at  work  for  1%  hours  extinguishing 
fires,  putting  up  screens,  and  carrying 
stretchers.  The  average  consumption  dur- 
ing this  test  was  as  high  as  1.6  liters  per 
man  per  minute. 


THE  WEO  RESCUE  APPARATUS. 


150  liters  (5  cu.  ft.)  of  oxygen  at  the  atmos- 
pheric pressure,  and  the  consumption  varies 
from  Yi  to  i2/3  liters  (20  to  100  cu.  in.)  per 
minute. 

The  apparatus  takes  its  name  from  the 
initials  of  its  designer,  Mr.  W.  E.  Gorfarth. 
and  is  in  use  in  the  Altafts  colleries,  York- 
shire. Various  tests  have  been  made  of  it 
by  the  Royal  Commission,  in  the  experi- 
mental gallery  filled  with  unbreathable 
smoke. 


A  bill  has  been  introduced  in  the  British 
Parliament  "to  promote  the  earlier  use  of 
daylight  in  certain  months  of  the  year.  The 
scheme  is  to  advance  the  clock  20  minutes  on 
each  of  the  four  Sundays  of  April.  It  is  stated 
that  the  saving  of  daylight  in  the  six  summer 
months  would  amount  to  about  700  hours, 
and  by  going  to  work  earlier  the  artisan 
would  acquire  command  of  long  afternoons 
for  recreation  or  study.  The  saving  in  arti- 
ficial light  is  figured  at  $10,000,000  per  year. 
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PINTSCH     GAS    AND     CARBURETTED 
AIR  SYSTEMS  OF  CAR    LIGHTING 

The  following  we  take  from  a  paper  on 
"Car  Lighting"  by  Mr.  R.  M.  Dixon,  President 
of  The  Safety  Car  Heating  and  Lighting  Com- 
pany, presented  at  the  meeting,  Jan.  14,  of  the 
American  Society  of  Mechanical  Engineers. 

The  Pintsch  compressed  gas  system  has  been 
found  to  meet  the  requirements  of  the  rail- 
roads of  the  world  to  an  extent  covering 
probably  80  per  cent,  of  the  passenger  cars  in 
service,  notwithstanding  the  fact  that  the 
Pintsch  system  is  absolutely  dependent  for  its 
light  upon  stationary  supply  plants.  It  is  the 
most  extensively  used  system  of  car  lighting, 
and  notwithstanding  the  number  of  cars  now 
lighted  by  other  methods,  it  is  an  unquestion- 
able fact  that  more  cars  are  lighted  by  the 
Pintsch  system  of  lighting  than  with  any  other 


per  atmosphere.  In  many  instances  more  than 
one  tank  is  applied  to  a  car.  The  normal 
charging  pressure  is  10  atmospheres.  There  is 
a  filling  valve  on  each  side  of  the  car  for 
convenience  in  filling,  and  a  gage  located  near 


FIG.  I.— PINTSCH    GAS    EQUIPMENT  USING    MANTLE  LAMPS. 


light  at  any  time.  The  gas  is  produced  by  the 
fractional  distillation  of  petroleum  oil  and  the 
apparatus  is  especially  arranged  to  produce  gas 
which  will  lose  a  minimum  amount  of  its 
illuminating  value  in  the  compression  to  which 
it  is  afterward  subjected,  namely,  about  200 
pounds  per  square  inch.  It  is  stored  at  the 
plants  under  this  pressure  in  vessels  which  are 
connected  by  pipe  lines  to  the  railroad  yards 
to  which  it  is  charged  by  equalization  from 
150  to  180  pounds  into  the  tanks  suspended 
from  the  floor  framing  of  the  cars.  At  the 
present  time  there  are  seventy  of  these  plants 
established ;  their  distributing  systems  being 
connected  with  about  350  railroad  terminals, 
thus  enabling  managements  of  railroads  to 
apply  gas  lighting  to  cars  without  expense 
for   gas   supply   plants. 

The  gas  furnished  is  measured  by  the  in- 
creased pressure  in  atmospheres  times  the 
volume  of  the  tanks  on  cars  in  cubic  feet  the 
railroad  company  paying  for  the  net  amount 
ol  gas  supplied  to  the  tanks.  Car  tanks  are  of 
welded  steel,  21  inches  in  diameter  and  either 
8  feet  6  inches  or  9  feet  6  inches  long,  the 
shorter  holder  contains  19  cubic  feet  per  at- 
mosphere and  the  longer  one  21.18  cubic  feet 


the  tank  underneath  the  car  indicating  the 
initial  and  final  pressures.  See.  Fig.  1.  The 
high  pressure  piping  system  consists  of  a  }4 
inch  extra  heavy  wrought  iron  pipe  extending 
across  the  floor  of  the  car  to  the  filling  valves 
with  a  branch  to  each  tank  and  a  short  branch 
to  the  reducing  valve  or  pressure  regulator, 
located  underneath  the  car  near  the  tank. 
From  the  pressure  regulator  a  ^  inch  stand- 
ard wrought  iron  pipe  conveys  the  gas  under- 
neath the  floor  at  some  convenient  point  and 
then  to  the  roof  where  a  distributing  pipe 
extends  on  the  outside  with  branches  to  each 
lamp. 

Until  recently  the  gas  has  been  burned  in 
standard  four  flame  lamps  of  various  designs 
finished  to  harmonize  with  the  interior  con- 
struction and  ornamentation  of  the  cars.  The 
aggregate  consumption  of  the  four  flame  lamp 
is  about  three  cubic  feet  an  hour  and  the 
illumination  about  thirty-three  candles  light. 
About  three  years  ago,  by  the  development  of 
an  inverted  mantle  which  is  sufficiently  sub- 
stantial for  railway  service,  it  became  possible 
to  get  90  candles  light  from  the  same  consump- 
tion of  gas,  that  is,  three  cubic  feet  per  hour. 
This    required    the    use    of    a    cluster    of    four 
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mantles  but  still  more  recently  a  mantle  has 
been  developed  which,  with  a  consumption  of 
two  and  one-eighth  cubic  foot  per  hour,  gives 
from  95  to  100  candles  light,  or  per  cubic  feet 
of  gas  nearly  fifty  candles.  At  the  standard 
selling  price  of  the  gas  the  cost  of  operation 
of  these  lamps  is  but  one  and  one-sixteenth 
cents  an  hour. 


(T 


♦To  lamps 
Main  cock 


equipped  in  North  America  and  the  entire 
equipment  is  available  for  use  with  an  expense 
of  but  $100  or  $125  per  car,  thereby  increasing 
the  light  three  fold  and  reducing  the  consump- 
tion of  gas  30  per  cent.,  increasing  the  carrying 
capacity  of  the  tanks  and  the  capacity  of  the 
established  gas  plants  about  40  per  cent.,  thus 
more  than  trebling  the  value  of  the  equipments 
owned  by  the  railroad  companies  as  light  giv- 
ing factors. 

The  behavior  of  Pintsch  gas  in  wrecks  has 
been  commendable.  The  gas  itself  requires  a 
high  temperature  for  ignition,  and  the  flame 
temperature  is  comparatively  low.  Moreover, 
it  is  extremely  difficult  to  light  the  gas  when 
escaping  under  pressure,  the  tendency  being  to 
extinguish  a  torch  or  light  brought  near  it. 
Further,  the  quantity  of  Pintsch  gas  carried  on 
a  car  is  so  limited  and  the  gas  is  so  free  from 


!   15  gal.     1 
t .i 


J        Auiiliary 
jj  j    air  reservoir 
Brake  cylinder)    |f 

*»-t.„.jjj{         JJ-tf.  ,-* 
m — ft  '^ijLp 


Check  valve 


U--.: 


A  inch  train  air  brake  pipe  r\ 

FIG.  11.— INCANDESCENT   VAPOR  CAR  LIGHTING. 


Mantle  lamps  are  giving  great  satisfaction 
to  the  railroad  managers.  More  than  three 
thousand  cars  in  America  are  now  equipped 
with  them  and  they  are  securing  quite  a  gen- 
eral adoption  in  Europe.  The  Prussian  State 
Railway  Administration  has  contracted  for 
about  thirty-eight  hundred  new  cars  fitted  with 
mantles,  and  for  the  change  of  their  present 
equipment  before  the  end  of  the  year 
1909.  In  France  more  than  10,000  cars  are 
equipped  and  on  order.  Pintsch  equipment  has 
been  applied  to  more  than  160,000  cars,  aggre- 
gating more  than  1,000,000  center  lamps  and 
more  than  400,000  tanks :  33,000  cars  have  been 


vapor  and  its  diffusion  so  rapid,  that  in  the  case 
of  the  rupture  of  a  tank  or  the  pipe  connec- 
tions, it  is  so  quickly  dissipated  that  an  explo- 
sive mixture  or  a  combustible  condition  is  not 
readily  obtainable. 

For  those  cars  which  are  in  service  and 
which  do  not  reach  Pintsch  supply  plants,  a 
system  has  been  developed  for  lighting  by  the 
use  of  carbureted  air  in  connection  with  the 
incandescent  mantle  lamps.  This  system  has 
been  made  possible  by  the  mantle  lamp  de- 
velopment for  railroad  service.  One  disad- 
vantage of  the  earlier  systems  was  the  low 
luminosity   of  air  gas   in  cold  weather.     With 
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incandescent  mantles  is  is  possible  to  obtain 
good  results  with  gas  that  is  non-luminous.  An- 
other disadvantage  of  the  old  system  came 
from  the  fact  that  a  carburetor  had  to  be 
placed  directly  over  each  lamp  as  it  was  impos- 
sible to  have  one  large  carburetor  supply  all  of 
the  lamps,  owing  to  the  collection  of  condensa- 
tion in  the  pipes  from  a  fall  in  temperature. 

If  the  gas  be  non-luminous  in  quality,  no 
condensation  in  the  piping  can  take  place  at 
ordinarily  low  temperatures.  In  this  new  sys- 
tem the  gas  is  always  of  this  quality.  This 
uniformity  of  quality  is  accomplished  by  vary- 
ing the  pressure  under  which  the  gas  is  gener- 
ated in  the  carburetor,  in  accordance  with  the 
temperature,  making  it  possible  to  use  a  car- 
buretor of  substantial  construction  under  the 
car,  and  distributing  the  gas  to  the  lamps  by  a 
piping  system  similar  to  that  for  cars  lighted 
by  Pintsch  gas. 

The  operation  of  the  system  is  as  follows . 
air  is  taken  from  the  auxiliary  air  brake  reser- 
voir, see  Fig.  2,  through  a  check  valve  to  the 
air  storage  tank,  and  from  this  tank  up  to  the 
saloon  of  the  car  where  a  pressure  gage  and 
shut  off  valve  are  placed.  This  gage  shows  the 
pressure  of  air  in  the  air  storage  tank.  From 
the  saloon  the  air  passes  to  the  high  pressure 
regulator  which  delivers  a  pressure  on  the  car- 
buretor in  accordance  with  the  temperature. 
In  passing  through  the  carburetor  the  air  takes 
up  sufficient  gasolene  vapor  to  make  the  pro- 
per gas.  From  the  carburetor  the  gas  passes 
through  a  low  pressure  regulator  which  re- 
duces the  pressure  to  that  suitable  for  burning 
in  the  lamps.  The  lamps  are  similar  in  design 
to  those  used  for  Pintsch  gas,  and  use  the 
same  mantle.  The  carburetor  is  contained 
within  the  air  storage  tank  and  is  formed  by  a 
12  inch  pipe  through  the  center  of  a  steel 
holder  21  inches  in  diameter.  The  ends  of  the 
pipe  are  brazed  to  the  heads  of  the  holder  and 
closed  by  iron  plates  securely  bolted  on.  The 
pipe  is  packed  full  of  absorbent  wicking  to 
hold  the  gasolene.  The  air  passing  through 
this  wicking  takes  up  the  proper  amount  of 
vapor  to  form  the  gas.  By  this  construction 
the  carburetor  is  well  protected  by  the  walls 
of  the  air  tank. 

A  combined  air  tank  and  carburetor,  21 
inches  in  diameter  by  8  feet  6  inches  long,  has 
when  charged,  20  gallons  of  gasolene  and  will 
supply  five  100  candle  power  lamps  for  at  least 
200  hours. 


AIR     WASHING    AND      HUMIDIFYING 
FOR    INDUSTRIAL  PURPOSES* 

For  years  it  had  been  taken  for  granted 
that  good  ventilation  must  be  obtained  often 
at  the  expense  of  cleanliness.  This  is  par- 
ticularly noticeable  in  communities  where 
soft  coal  is  used.  The  necessity  for  prop- 
erly cleansing  the  air  which  is  taken  into 
buildings  has  long  been  felt,  and  many  have 
been  the  devices  used  to  effect  this.  Prom- 
inent among  them  might  be  mentioned  the  use 
of  cheese  cloth  screens,  long  bags  of  the 
same  material,  and  coke  niters.  These 
all  had  the  disadvantage  of  offering  too  great 
a  resistance  to  the  passage  of  the  air,  besides 
giving  only  crude  cleansing  effect.  They 
were  also  unsatisfactory  in  that  they  did  not 
affect  the  humidity  of  the  air  to  any  extent. 

REGULATION    OF    HUMIDITY    DESIRABLE. 

The  desirability  of  controlling  the  humidity 
of  buildings  has  been  well  brought  out  in  a 
paper  by  an  eminent  specialist.  Dr.  Henry 
Mitchell  Smith,  read  by  him  before  the 
Brooklyn  Medical  Society  in  May,  1903.  In 
it  he  points  out  that  the  sensible  temperature 
of  the  human  body  more  nearly  corresponds 
to  the  temperature  indicated  by  the  wet  bulb 
of  a  hygrophant,  rather  than  to  the  dry  bulb 
temperature.  Air  at  68  degrees,  and  contain- 
ing 50  per  cent,  humidity,  feels  more  com- 
fortable than  air  at  75  degrees,  and  having 
but  20  per  cent,  humidity.  Extremely  dry 
air  produces  a  more  rapid  evaporation  from 
the  mucuous  membranes  as  well  as  from  the 
entire  surface  of  one's  body.  This  causes  the 
lower  sensible  temperature  and,  in  the  case 
of  the  former,  has  an  unhealthful  effect. 

It  is  just  this  condition  which  is  obtained 
where  external  air  at  a  low  temperature  is 
heated  to  the  temperature  usually  found 
in  warmed  buildings.  If  we  take  outside 
winter  air  at  30  degrees  F.  and  80  per  cent, 
saturation,  we  find  it  contains  1.5  grains  of 
moisture  to  the  cubic  foot.  If  its  tempera- 
ture is  raised  to  70  degrees  without  adding 
any  moisture  to  it,  we  find  that  its  per  cent, 
of  saturation  is  but  19.5,  because  of  the  fact 
that  air  at  70  degrees  can  absorb  8  grains 
of  moisture.     We  can  thus  see  that  not  only 


*A  paper  (somewhat  abridged)  read  before 
the  Ohio  Society  of  Mechanical,  Electrical 
and  Steam  Engineers,  by  W.  A.  Rowe. 
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is  it  desirable  to  humidify  the  air,  but  also  to 
regulate  the  degree  of  humidity. 

THE     WATER    SPRAY. 

These  considerations  all  lead  to  the  use 
of  a  water  spray  by  which  to  cleanse  and 
humidify  at  the  same  time.  There  are  vari- 
ous essential  features  which  must  be  incor- 
porated in  the  design  of  such  an  apparatus  to 
make  it  successful,  not  only  from  a  theoreti- 
cal point  of  view,  but  also  from  the  practical 
or  commercial  standpoint.  In  discussing 
these  features  the  writer  will  describe  one 
apparatus  in  particular  which,  by  reason  of 
its  having  met  all  the  requirements  success- 
fully, has  enabled  its  manufacturer  to  realize 
certain  results  of  great  commercial  import- 
ance. 

INTIMATE     CONTACT     BETWEEN     AIR     AND     WATER. 

The  first  requisite  of  a  successful  washer 
is  an  intimate  contact  between  the  air  and 
the  water.  The  more  finely  the  water  can 
be  divided  the  greater  will  be  the  contact  sur- 
face and,  consequently,  the  greater  the  de- 
gree of  success  realized.  Hence  a  finely 
divided  mist  is  essential.  An  ingenious 
nozzle  has  been  devised  with  which  an  almost 
invisible  finely  divided  spray  is  obtained  with 
a  pressure  of  but  20  pounds  per  square  inch. 
In  this  nozzle  the  outlet  orifice  is  but  3-32 
inch  in  diameter,  yet  it  will  deliver  3.5  pounds 
of  water  per  minute.  The  result  is  obtained 
by  giving  the  water  a  centrifugal  motion 
which  causes  it  to  burst  into  spray.  It  is 
easily  accessible  for  cleansing  and  is  of  the 
utmost  simplicity. 

In  the  complete  air  washer  these  nozzles 
are  spaced  two  to  the  square  foot  of  cross- 
section  area,  a  velocity  of  from  400  to  450  feet 
per  minute  through  the  washer  being  main- 
tained. Thus  where  42.000  cubic  feet  of  air 
per  minute  is  to  be  handled  ?  cross-section 
area  of  93.5  square  feet,  with  188  nozzles,  is 
provided. 

SEPARATION    FROM    AIR    OF    EXCESS    MOISTURE. 

The  second  important  feature  to  be  secured 
is  thorough  separation  of  the  excess  free 
moisture  which  is  carried  along  by  the  air  cur- 
rent. This  is  done  by  a  series  of  galvanized 
plates  placed  Y%  inch  apart  and  containing 
bends  2  inches  in  length.  There  are 
usually  six  sections,  the  first  three  allowing 
a  film  of  running  water  to  completely  cover 
them.  The  last  three  have  slight  projections 
which   completely   separate   all   traces   of   free 


moisture  from  the  air.  This  eliminator  thus- 
presents  a  large  washing  surface  upon  which 
every  particle  of  foreign  matter  will  im- 
pinge. The  construction  gives  11^2  square 
feet  of  washing  surface  for  every  square  foot 
of  cross-section  area  of  the  washer.  The 
lack  of  resistance  of  this  arrangement  has 
been  proved  by  the  results  of  tests  which 
show  that  never  more  than  0.1  inch  water 
gage  is  ever  caused  by  the  whole  washer. 

CONTROL    OF     HUMIDITY. 

The  proper  control  of  the  humidity  is  a 
third  requisite  equally  important  with  those 
already  named.  This  is  accomplished  by  con- 
trolling the  temperature  of  the  air  in  the 
spray  chamber,  and  taking  advantage  of  the 
law  that  air  at  any  given  temperature  has  a 
definite  moistvfre  absorbing  capacity,  this 
amount  increasing  as  the  temperature  is 
raised.  For  example,  air  at  50  degrees  and 
70  degrees  F.  can  absorb  4  and  8  grains  of 
moisture,  respectively,  per  cubic  foot,  at 
which   points   it   becomes   saturated.     If  it   is 
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desired  to  maintain  50  per  cent,  humidity  at 
70  degrees  in  a  building,  it  is  only  necessary 
that  the  air  in  the  spray  chamber  be  satur- 
ated at  a  temperature  of  50  degrees,  and 
then  afterwards  raised  in  temperature  to  that 
of  the  room,  without  the  addition  of  any 
more  moisture.  In  this  way  any  desired  hu- 
midity can  be  maintained.  The  best  results 
are  obtained  by  dispensing  with  tempering 
coils  entirely,  depending  on  heated  spray 
water  to  bring  the  temperature  of  the  air  up 
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to  the  desired  point.  This  circulating  water 
can  be  heated  in  any  type  of  heater,  its  tem- 
perature being  controlled  automatically  by 
means  of  a  thermostat  in  the  spray  chamber. 

REQUIREMENT  OF  DESIGN   AND  USUAL   EQUIPMENT. 

The  last  point  and  hy  no  means  the  least, 
is  that  the  apparatus  must  be  free  from  all 
necessity  for  constant  personal  attention.  It 
must  be  easily  accessible,  the  nozzles  easily 
cleaned,  if  such  necessity  should  arise,  and 
ample  provision  should  be  made  for  keeping 
foreign  matter  out  of  the  circulating  water. 

Usually  a  motor  driven  centrifugal  pump  is 
used,  the  water  collecting  in  a  settling  tank 
at  the  base  of  the  washer  and  being  recir- 
culated. The  water  level  in  the  tank  is  kept 
constant  by  means  of  a  ball  float  and  valve 
which  replenishes  that  absorbed  by  the  air 
in  passing  through.  A  large  brass  screen  of 
1-32  inch  mesh  is  usually  placed  across  the 
settling  tank  through  which  the  water  must 
flow  before  reaching  the  foot  valve  of  the  pump. 
A  specially  designed  strainer  is  also  placed 
in  the  discharge  pump  as  an  extra  precaution. 
It  is  found  that  even  in  the  dirtiest  places 
the  apparatus  can  run  for  one  week  end  to 
the  other,  the  only  care  being  the  oiling  of 
the  pump  and  motor  hearings.  Usually  the 
settling  tank  is  flushed  out  once  a  week  and 
entirely  new  water  provided.  In  the  case  of 
the  air  washer  previously  mentioned,  having 
a  capacity  of  42,000  cubic  feet  of  air  per 
minute,  a  2-inch  centrifugal  pump  is  used  and 
operated  by  a  3-horsepower  motor,  circulat- 
ing approximately  90  gallons  of  water  per 
minute. 

It  is  often  desirable  to  place  a  distributing 
plate  in  front  of  the  washer  in  order  to 
thoroughly  distribute  the  current  of  air 
throughout  the  washer.  This  can  easily  be 
done  by  means  of  a  galvanized  iron  par- 
tition in  which  holes  are  punched  to  the  extent 
of  about  50  per  cent,  of  the  free  area  through 
the  washer,  the  slight  resistance  of  such  a  dis- 
tributing plate  never  being  over  0.05  inch 
water   gage. 

Some  idea  of  the  extent  to  which  the  cleans- 
ing effect  may  be  carried  may  be  obtained 
from  recent  tests  made  on  the  Carnegie 
Branch  Library  at  St.  Louis  by  Wm.  H. 
Bryan,  consulting  engineer.  While  not  going 
into  unnecessary  details  it  is  sufficient  to  say 
that  using  lampblack,  over  99  per  cent,  was 
removed  by  the  washer. 


CONDENSATION       OF       HUMIDIFIED      AIR       MAY      BE 

PREVENTED. 

We  have  already  mentioned  the  desirability 
of  humidity  control  and  the  means  by  which 
it  is  obtained.  The  use  of  hot  circulating 
water  instead  of  tempering  coils  has  also  been 
mentioned.  By  this  means  considerable  sav- 
ing of  expense  is  effected  and  all  possibility 
of  freezing  the  coils  is  eliminated.  Neither  do 
we  get  sudden  changes  in  temperature  of  the 
tempered  air  such  as  is  possible  where  a  by- 
pass damper  or  diaphragm  valves  are  used 
controlled  automatically  by  a  thermostat. 

Objection  has  been  raised  that  excessive 
condensation  on  windows  might  result  from 
humidifying  the  air.  It  has  been  found  that 
this  can  be  obviated  by  maintaining  a  temper- 
ature in  the  spray  chamber  never  higher  than 
a  mean  between  the  temperature  of  the  ex- 
ternal air  and  that  of  the  room.  For  example, 
if  we  are  maintaining  a  temperature  of  70  de- 
grees  in  the  building,  with  an  outside  tem- 
perature of  10  degrees,  a  temperature  of  40 
degrees  in  the  spray  chamber  will  prevent  any 
condensation  or  frosting  on  the  windows. 
This  is  true  because  the  glass  itself  is  at  a 
temperature  midway  between  the  two  extremes 
and,  therefore,  is  unable  to  lower  the  temper- 
ature of  the  air  to  its  dew  point. 

HUMIDITY      LOWERS      TEMPERATURE      OF      AIR. 

As  a  rule  the  fan  system  of  heating  and 
ventilating  is  only  used  when  the  outside  tem- 
perature is  under  60  or  65  degrees.  Under 
these  conditions  an  excessive  humidity  is 
absolutely  impossible  because  of  the  fact  that 
the  air  is  raised  in  temperature  before  being 
brought  into  the  room.  When,  however,  the 
system  is  used  throughout  the  year  it  often 
becomes  desirable  to  get  away  from  the  high 
humidities  quite  common  in  warm  weather. 
It  is  found  that  the  external  air  can  be  ap- 
preciably lowered  in  temperature  during  the 
warm  months,  because  the  air  in  passing 
through  the  washer  absorbs  some  of  the  mois- 
ture. The  latent  heat  to  vaporize  this  mois- 
ture is  furnished  by  the  air  itself,  hence  the 
lowering  in  temperature.  It  is  found  that  an 
absorption  of  from  0.8  to  0.9  grain  per  cubic 
foot  gives  a  lowering  in  temperature  of  from 
7  to  8  degrees.  Greater  reduction  in  temper- 
ature may  be  obtained,  providing,  of  course, 
the  air  has  not  already  too  high  a  percentage 
of  humidity. 
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In  the  greater  part  of  our  warm  weather 
this  cooling  effect  is  not  accompanied  by  any 
unpleasant  humidity.  Where,  however,  this 
slight  increase  would  cause  inconvenience  it  is 
possible  to  produce  a  cleansing  effect  without 
appreciable  absorption  of  moisture,  with  its 
consequent  cooling  effect,  by  merely  flooding 
the  eliminator  plates  and  dispensing  with  the 
fine  spray.  Where  exceptionally  high  humid- 
ities are  encountered,  it  is  possible  to  substi- 
tute a  solution  of  calcium  chloride,  28  degrees 
Baume.  This  solution  will  thoroughly  wash 
the  air  without  a  particle  being  evaporated. 
It  neither  gives  up  nor  will  it  absorb  mois- 
ture. 

In  a  recent  test  of  the  Carnegie  Library 
installation,  about  which  we  have  previously 
spoken,  with  an  outside  temperature  of  86  de- 
grees and  40  per  cent,  humidity,  an  average 
temperature  was  maintained  inside  the  build- 
ing of  77.5  degrees  with  70  per  cent,  humidity, 
this  being  an  average  temperature  decrease  of 
8.5  degrees.  It  was  found  that  a  lower  tem- 
perature was  maintained  in  the  rooms  where 
the  windows  were  kept  shut. 

EXTRACTING    MOISTURE    FROM    AIR. 

So  far  we  have  touched  only  on  the  hu- 
midifying or  adding  of  moisture  to  the  air. 
In  some  branches  of  industrial  work  it  is 
necessary  to  extract  the  moisture  from  air 
or  to  dehumidify  it.  This  is  particularly 
true  in  the  case  of  drying  many  substances, 
which  cannot  stand  a  high  temperature. 
Among  these  might  be  mentioned  gelatine  and 
glue  products,  photographic  paper,  rubber,  sul- 
phur, matches,  etc. 

Where  the  material  to  be  dried  can  stand 
the  maximum  probable  temperature  that  we 
are  likely  to  encounter  in  summer  weather, 
say  90  degrees,  we  can  get  sufficiently  dry  air 
at  any  time  by  the  use  of  calcium  chloride  so- 
lution, 40  degrees  Baume,  in  the  air  washer. 
This  solution  will  extract  moisture  from  the 
air,  the  amount  depending  on  the  strength  of 
the  solution.  It  is  not  necessary  to  use  out- 
side air  in  this  instance.  The  air  from  the 
drying  room  can  be  returned  to  the  washer, 
where  it  is  relieved  of  a  portion  of  its  mois- 
ture. This  chemical  extraction  of  the  mois- 
ture from  the  air  liberates  the  heat  of  vap- 
orization, which  results  in  raising  the  tempera- 
ture of  the  air  itself.  This  warmer  and  dryer 
air  is  then  returned  to  the  drying  room  where 
it  absorbs  additional  moisture    from  the  mate- 


rial being  dried.  Of  course  the  calcium  chlor- 
ide solution  is  being  continually  weakened 
while  this  cycle  is  progressing.  It  is  neces- 
sary to  use  an  automatically  controlled  evap- 
orator to  which  the  solution  is  returned  where 
it   is   reconcentrated. 

A  more  simple  solution  of  this  problem  can 
be  secured  where  a  sufficient  supply  of  cold 
water  is  available.  With  a  temperature  of 
water  of  50  to  55  degrees,  it  is  possible  to 
reduce  the  temperature  of  the  air  to  58  to 
63  degrees,  leaving  but  5.5  to  6.5  grains  of 
moisture  per  cubic  foot  in  the  air.  By  then 
reheating  this  air  to  80  to  85  degrees,  we  would 
have  a  50  per  cent,  saturation,  in  which  con- 
dition the  air  will  readily  absorb  moisture. 
The  large  amount  of  cooling  water  necessary 
makes  this  plan  too  expensive  in  many  locali- 
ties, in  which  event  the  calcium  chloride  solu- 
tion can  be  used,  entailing  small  expense. 

LOW    TEMPERATURE    DRYING. 

Again,  we  have  materials,  such  as  photo- 
graphic paper,  which  must  be  dried  at  a  rela- 
tively low  temperature  all  the  year  round.  A 
temperature  not  exceeding  57  degrees  F.  is 
necessary  or  desirable.  In  cases  like  this  no 
external  air  whatever  is  used  except  in  cold 
weather.  The  air  from  the  drying  room  is 
recirculated  through  the  washer,  in  which  the 
circulating  water  is  cooled  by  refrigeration. 
The  lowering  of  the  temperature  of  the  air 
condenses  the  excess  moisture  in  it.  In  a  re- 
cent installation  this  water  entered  the  spray 
chamber  at  about  35  degrees.  The  air  was 
reduced  in  temperature  to  45  degrees,  at  which 
temperature  it  contains  3.4  grains  per  cubic 
foot  at  saturation.  The  air  is  then  reheated 
to  approximately  59  degrees  when  its  percent- 
age of  humidity  is  60.  It  is  then  returned  to 
the  drying  room  and  the  cycle  repeated. 

In  connection  with  this  last  process  it  might 
be  mentioned  that  a  high  degree  of  economy 
results  from  the  fact  that  a  back  pressure  of 
45  pounds  may  be  carried  on  the  refrigerating 
machine  whereas  15  pounds  is  usually  figured 
for  ordinary  refrigeration.  We  also  have  a 
maximum  of  efficiency  in  the  transfer  of  heat 
or  cold  between  the  water  and  the  air,  because 
of  the  intimate  contact  between  the  two. 
When  we  realize  the  condition  that  usually 
obtains  in  refrigeration  work,  with  the  frost 
covering  pipes  and  cutting  down  the  efficiency 
of  the  conducting  material,  the  importance  of 
this  feature  can  be  realized. 
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APPLICATION     OF    AIR     WASHER    AND     HUMIDIFIER 
TO     TEXTILE     MILLS. 

We  have  mentioned  the  application  of  the 
air  washer  and  humidifier  to  textile  mills.  In 
plants  of  this  nature  constant  and  high  humid- 
ity is  of  the  greatest  importance.  In  winter 
the  heating  of  these  buildings  produces  a  dry 
and  unfavorable  condition.  In  summer  the 
dry,  hot  weather,  accentuated  by  the  great 
amount  of  heat  given  off  by  the  machinery, 
gives  likewise  an  extremely  dry  and  unfavor- 
able condition  in  the  mill.  This  extreme  dry- 
ness prohibits  the  spinning  of  fine  yarns,  as 
well  as  necessitates  a  lower  speed  of  the  ma- 
chinery, so  that  some  artificial  means  to  coun- 
teract those  conditions  is  very  necessary.  The 
ideal  conditions  for  a  textile  mill  are  indicated 
somewhat    in    the    following    table : 

TABLE      I.     IDEAL      CONDITIONS      OF      TEMPERATURE 
AND     HUMIDITY. 


Temperature 

Humiditv 

Departments. 

Degrees  F. 

Per  Cent. 

Spinning  Room  . 

■ • ■     75-80 

60-75 

Card  Room 

70-7  ^ 

60-65 
75-8o 

Winding  Room  . 

...     70- 

It  is  seen  that  to  obtain  these  conditions  it 
is  necessary  to  humidify  in  cold  weather,  and 
to  cool  in  hot  weather.  The  methods  of  hu- 
midifying we  have  already  indicated  in  our 
paper,  namely,  by  the  use  of  circulating  hot 
water  in  the  spray  chamber,  controlling  the 
same  automatically  by  means  of  a  thermostat. 
As  a  rule  a  large  portion  of  the  air  in  the 
mill  is  recirculated,  only  a  small  portion  be- 
ing taken  from  out  of  doors.  In  this  way 
it  is  not  necessary  to  add  a  great  deal  of  mois- 
ture to  the  air  after  it  is  once  at  a  suitable 
degree    of    saturation. 

The  problem  of  cooling  in  summer  is  per- 
haps more  difficult  than  maintaining  the  high 
humidity  in  winter.  It  is  possible  to  counteract 
the  heat  given  off  by  the  machinery  in  three 
ways,  namely : 

(a)  Radiation — natural. 

(b)  Ventilation — natural    or   artificial. 
(  c  )     Evaporation — artificial. 

While  the  greater  portion  of  this  heat  is 
taken  care  of  during  the  winter  season  bv  rad- 


iation, due  to  the  difference  in  temperature 
between  the  room  and  the  external  air,  in  sum- 
mer time  it  is  necessary  to  take  care  of  it  by 
means  of  ventilation.  To  do  this  rapid  air 
changes  are  maintained  of  from  5  to  6  min- 
utes in  the  mill,  the  air  being  lowered  in  tem- 
perature by  the  absorption  of  moisture  in  the 
spray  chamber,  as  we  have  previously  men- 
tioned. 

It  might  be  of  interest  to  know  that  recent- 
ly, with  recirculated  water  in  the  washer,  and 
by  opposing  the  spray  nozzles  to  the  direction 
of  the  flow  of  the  air,  the  air  was  cooled 
from  81  degrees  down  to  65  degrees.  Of 
course  this  lowering  in  temperature  is  caused 
by  the  absorption  of  moisture  tending  to  bring 
the  air  pretty  nearly  to  the  point  of  saturation. 
This  cooled,  humid  air  is  then  discharged  into 
the  mill  where  it  is  slightly  raised  in  tempera- 
ture, both  by  heat  liberated  from  the  machin- 
ery, and  by  the  radiation  through  the  walls, 
because  of  the  higher  external  temperature. 

With  this  system  it  is  possible  to  keep  all 
the  windows  in  the  mill  closed.  In  fact,  better 
results  are  obtained  in  that  way.  It  is  thus 
possible  to  eliminate  the  trouble  experienced 
by  draughts  of  air  blowing  in  and  breaking 
the  fine  yarns  and  causing  endless  trouble.  By 
doing  away  with  the  old-fashioned  method  of 
having  water  dripping  around  the  walls  it  is 
possible  to  entirely  eliminate  all  free  moisture 
from  the  air  with  its  attendant  rusting  of  ma- 
chinery. 

The  following  three  tests  will  give  some  idea 
as  to  the  closeness  with  which  the  ideal  con- 
ditions can  be  approximated  at  varying  out- 
side temperatures.  Two  of  these  mills  were  lo- 
cated in  North  Carolina,  while  the  third  is  in 
Hamilton,   Ontario. 

TABLE     II.     TEMPERATURE     AND     HUMIDITY     TESTS. 


Location. 


Test 
No.    1. 

Z  v    tU 
^Sd  "E  u 

£Q  x^ 


Test  Test 

No.  2.        No.  3. 


i-fc 


hfe 


a  '-su 


£Q  x^ 


*  ai     ■*• 


v  «   tjU 

-  zl    a  u 


Outside     51  31  48  95 

Card    Room    .  .  71  61  y^  64 

Spinning   Room  80  70  79  70 

Winding    Room  70  83  71  86 


34 
74 
79 


62 
60 
66 
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Some  idea  as  to  the  length  of  time  this  ap- 
paratus can  be  operated  without  any  great 
personal  attention  is  shown  from  the  fact  that 
after  2  weeks'  continuous  running,  with  a 
large  portion  of  the  air  recirculated,  but  one 
nozzle  out  of  280  was  clogged.  When  we 
think  of  the  lint  and  foreign  matter  which  is 
present  in  textile  mills,  it  seems  remarkable 
that  such  good  results  can  be  obtained. 


B.  T.  U    INSTEAD  OF  CANDLE  POWER 
FOR    GAS  STANDARDS 

The  ordinace  defining  the  quality  of  the  gas 
furnished  by  the  Dallas  Gas  Company,  Dallas, 
Texas,  provides  that  the  gas  "shall  be  a  mer- 
chantable illuminating  gas,  as  free  of  im- 
purities, and  as  uniform  in  composition  as  is 
possible  to  be  made,  and  of  such  quality  that 
one  cubic  foot  of  the  city  gas,  at  77  degrees 
Fahrenheit  and  716  millimeters  of  mercury 
pressure,  shall  contain  650  British  thermal 
units." 

The  reasons  for  the  adoption  of  the  heat- 
ing rather  than  the  lighting  standard  for  gas 
are  stated  by  Mr.  J.  C.  Chisholm  who  investi- 
gated the  subject  and  reported  to  the  city 
officials.      He    says: 

i.  Candle  power  standards  were  necessary 
when  gas  was  first  manufactured  and  burned 
in  fish-tail  or  jet  burners;  the  olefines  produc- 
ing the  light,  which  is  therefore  proportional, 
to  the  percentage  of  these  gases.  The  very 
extensive  use  of  Welsbach  lamps,  however,  has 
made  it  desirable  to  base  the  efficiency  of  the 
gas  upon  its  heating  power,  since  in  these  the 
light  is  given  by  the  heating  of  the  mantle  to 
incandescence,  wherefore  heating  power  rather 
than  direct  light  given  is  what  is  desired  in 
modern  gas.  Moreover,  90  per  cent,  of  the 
gas  at  Dallas  is  used  for  fuel  purposes,  for 
which  light-giving  properties  are  considered 
as  of  no  value,  and  consequently  heat  units 
form  the  natural  bases  for  measurement. 

2.  It  is  possible,  by  using  producer  gas  or 
semi-water  gas,  to  make  a  gas  that  may  be 
18  to  22  candle  power  and  yet  contain  not 
more  than  450  to  550  British  thermal  units. 
Coal  gas,  carbureted  water  gas  and  oil  gas,  as 
manufactured  by  the  majority  of  our  cities, 
contain  650  to  680  British  thermal  units; 
furthermore,  it  is  impossible  to  economically 
manufacture  a  gas  containg  650  British  ther- 
mal units  without  requiring  sufficient  carburet- 


ing material  to  produce  a  gas  of  18  to  22  or 
more  candle  power. 

3.  The  ordinance  also  requires  the  price  of 
1,000  cubic  feet  to  be  prorated,  if  the  number 
of  British  thermal  units  fall  below  650  for  a 
month's  average. 


COMPRESSED    AIR    FOR    MEASURING 
DEPTH  OF  WATER 

In  a  paper  by  Mr.  Charles  B.  Burdick, 
before  the  Western  Society  of  Engineers,  the 
device  shown  in  the  sketch  is  described  and 
is  said  to  have  been  in  use  ten  years  or  more. 
There  is  simply  a  small  pipe  say  Y\  inch,  and 
a  pressure  gage  reading  to  single  pounds  or 
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FOR  MEASUKlt>G  DEPTH  OF  WAiEK. 

less.  A  pipe  of  sufficient  length,  the  length 
being  known,  is  lowered  into  the  well  and  air 
pressure  is  then  applied  until  the  air  escapes 
from  the  lower  end  and  consequently  the 
pressure  at  the  gage  will  rise  no  higher.  The 
reading  of  the  gage  in  pounds  multiplied  by 
2.304  will  give  the  height  of  the  water  in  feet 
above  the  submerged  end  of  the  pipe.  The 
cut  shows  the  arrangements  in  connection 
with  an  air-lift.  The  left  hand  figure  shows 
a  case  where  the  exterior  of  the  water  pipe 
is  accessible.  Upon  an  air-lift  when  this  can 
be  done  the  compressed  air  can  be  obtained 
by  tapping  the  air  pipe.  The  right  hand 
figure  show  an  application  to  an  air-lift 
where  there  is  no  room  outside,  and  with  this 
arrangement  a  hand  air  pump  is  desirable,  as 
the  pressure  required  in  the  test  pipe  is  a 
little  in  excess  of  that  in  the  air  pipe.  The 
ordinary  beer  pump  or  large  bicycle  air 
pump  answers  this  purpose  nicely.  Applied 
in  this  way  the  lift  can  be  measured  readily, 
even  when  the  well  casing  is  used  as  a  dis- 
charge pipe. 
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FOR  ENGINEERING  EXPERIMENT 
STATIONS 

A  bill  has  been  introduced  in  Congress  for 
the  establishing  of  engineering  stations,  the 
purpose  of  which  will  be  to  conduct  original 
researches  or  to  verify  experiments  which  re- 
late to  the  properties  of  materials  employed  in 
manufacturing,  building,  and  constructional  op- 
erations; the  properties,  physical  and  chem- 
ical, of  fuels,  fluid  media,  lubricants,  and  other 
substances  or  materials  used  in  the  generation 
or  transmission  of  power ;  the  efficiency  and 
economic  value  of  mechanical  devices ;  the 
generation,  transmission,  and  utilization  of 
electrical  energy ;  the  engineering  problems 
connected  with  transportation ;  the  provision 
of  suitable  water  supply  for  domestic  and 
manufacturing  purposes;  the  disposition  of 
industrial,  household,  and  city  wastes ;  the 
engineering  problems  connected  with  public 
utilities ;  the  economic  methods  of  mining  and 
preparation  of  ores  and  other  mineral  prod- 
ucts; the  methods  of  prevention  of  waste  of 
all  natural  resources  whose  use  is  related  to 
the  science  of  engineering;  and  such  other  re- 
searches or  experiments  bearing  directly  upon 
the  application  of  the  mechanic  arts  and  sci- 
ence of  engineering  to  the  industries  of  the 
United   States. 

To  endow  and  maintain  these  engineering 
experiment  stations,  Congress  is  asked  to  make 
an  appropriation  of  $30,000  annually,  to  be  paid 
to  each  state  or  territory.  Out  of  the  first  five 
annual  appropriations  received  by  any  station 
an  aggregate  amount  not  exceeding  $30,000 
may  be  expended  in  the  erection,  enlargment, 
or  repair  of  a  building  or  buildings  necessary 
for  carrying  on  the  work  of  such  station  ;  and 
thereafter  an  amount  not  exceeding  5  per  cent, 
of  such  annual  appropriation  may  be  so  ex- 
pended. These  experiment  stations  may  be  es- 
tablished at  any  of  the  state  schools,  but  un- 
less definite  action  is  taken  by  the  state  the 
privilege  and  appropriation  would  go  to  the 
land    grant    colleges. 

It  would  seem  that  much  more  could  be  ac- 
complished in  the  direction  indicated  by  the 
concentration  of  the  expenditure  upon  a  single 
National  institution.  Better  men  could  be 
employed,  more  systematic  and  comprehensive 
courses  could  be  laid  out  and  followed,  more 
usable  and  accessible  records  could  be  kept, 
and  there  would  be  no  wasting  of  time  and 
effort  in  the  simultaneous  pursuit  of  the  same 


lines  of  experiment  and  investigation  at  sev- 
eral stations.  The  expenditure  which  must 
seem  quite  inadequate  for  any  state,  would  be 
a  handsome  and  quite  adequate  endowment  for 
a  single  plant.  To  spread  the  money  as  pro- 
posed  would  be  practically  to  throw   it  away. 


GAS  FURNACE  FOR  HEATING  RIVETS 

The  sketch  shows  a  simple  furnace  for 
heating  rivets.  The  setting  is  substantial  and 
can  be  installed  at  a  slight  cost,  the  largest 
item  being  the  small  fan  for  the  blast.  The 
air   supply   for  the    12-inch   fan   can   be   regu- 
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lated  by  means  of  the  valve  b.  The  gas 
enters  through  valve  c,  which  acts  as  a  medi- 
um of  control.  Air  and  gas  combine  in  the 
lower  part  of  the  air  pipe  and  in  the  burner  d, 
from  which  it  issues  in  a  downward  direction. 
The  fire  box  is  constructed  of  fire  brick  and 
has  an  open  front,  also  a  small  opening  in 
the  rear,  which  is  covered  by  the  V-shaped 
plate  marked  A  in  the  sketch. 

The  rivets  are  dropped  through  this  latter 
opening  and  roll  down  the  inclined  inner 
rear  surface  of  the  furnace  to  a  position 
under  the  burner.  They  can  thus  be  fed  in 
gradually;  as  the  flame  can  be  controlled  to 
give  the  proper  temperature,  the  rivets  can 
be  heated  to  the  proper  degree  without 
danger  of  burning  them,  as  often  happens  in 
a  hand  forge. 
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No  special  attendant  is  required  to  watch 
the  rivets  after  the  name  is  once  adjusted. 
This  furnace  has  been  in  operation  for  some 
time,  giving  entire  satisfaction. — American 
Machinist. 


A   LONG  DRAINAGE  TUNNEL 

The  deep  drainage  tunnel  projected  and 
financed  by  the  mining  corporations  of  the 
Cripple  Creek  district,  has  been  driven  to  date 
approximately  1,250  feet,  leaving  14,300  feet 
to  be  covered  before  the  main  water  channel 
is  tapped.  The  bore,  destined  to  become  the 
all-important  factor  in  the  great  gold  camp*s 
future  was  formally  commenced  on  May  11, 
1907.  The  work,  however,  has  not  progressed 
as  rapidly  as  anticipated  and  two  contracts 
have  been  declared  forfeited.  Work  has  not 
even  temporarily  ceased,  as,  until  a  new  con- 
tract shall  have  been  let,  the  Cripple  Creek 
Drainage  and  Tunnel  Company  is  continuing 
the  work.  The  contracting  parties  will  be  re- 
quired to  drive  the  bore  750  feet  each  three 
months,  until  the  intermediate  shaft  is  com- 
pleted to  the  tunnel  level,  when  the  driving 
of  the  bore  must  be  carried  on  at  the  rate  of 
1,500  feet,  as  the  work  will  then  be  prosecuted 
from  three  distinct  headings.  The  conditions 
required  for  the  sinking  of  the  intermediate 
shaft  call  for  the  sinking  of  200  feet  each  three 
months.  The  depth  of  the  tunnel  shaft  to  the 
tunnel  level  is  880  feet,  and  100  feet  of  sinking 
has    already   been    accomplished. 


A  NEW  PORTABLE  PNEUMATIC  COM- 
PRESSION   RIVETER 

Perhaps  in  few  lines  of  apparatus  is  the 
economy  of  the  pneumatic  device  for  the  ser- 
vice so  pronounced  as  in  the  case  of  the  com- 
pression riveter.  We  need  not  to  be  remind- 
ed of  the  time  and  the  cost  of  hand  riveting; 
as  to  the  pneumatic  compression  riveter  it  is 
very  near  the  truth  to  say  that  it  takes  no 
time  at  all,  inasmuch  as  the  actual  time  occu- 
pied in  driving  any  considerable  number  of 
rivets  by  pneumatic  compression  is  con- 
sumed in  moving  the  work  when  the  riveter 
is  stationary  or  in  moving  the  riveter  when 
the  work  is  stationary. 

The  riveter  here  shown  has  a  record  of 
having  driven  12,000  rivets  in  10  hours.  The 
work  was  on  a  long  plate  girder,  and  the  riv- 
eter   was    suspended    from    a    trolley    on    an 


overhead  runway.  The  operator  had  become 
very  expert  in  moving  the  machine  from  one 
rivet  to  the  next,  the  spacing  being  equal,  the 
plates  of  uniform  thickness,  the  rivets  alL 
alike  3-4  inch  diameter  and  several  heater 
boys  keeping  the  holes  ahead  of  the  riveter 
constantly  full  of  hot  rivets.  The  dies  were 
replaced  by  cool  ones  at  intervals  during  the 
progress    of    the    work. 

Under      similar   conditions   another   record 
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ALBREE  PORTABLE  COMPRESSION   RIVETER 

was  made  of  10,000  rivets  in  10  hours  time. 
These  figures,  of  course,  are  of  interest  as 
showing  what  has  actually  been  done,  but 
the  type  of  work  should  not  be  forgotten. 
On  boiler  work,  where  the  rivet  must  be 
steam  tight,  no  such  record  could  possibly  be 
made,  as  more  time  would  be  consumed  not 
in  the  riveting  but  in  securing  the  joints 
properly  together  in  advance  of  the  riveting. 
The  records  speak  clearly,  of  the  facility  and 
rapidity  with  which  the  riveter  as  such  can 
be  manipulated  and  operated. 

This  riveter,  built  by  the  Chester  B.  Al- 
bree  Iron  Works  Company.  Allegheny,  Pa., 
has  a  6-inch  reach,  will  drive  a  7-8  inch  rivet 
and  weighs  850  pounds.  The  rivet  compres- 
sion is  effected  not  by  the  direct  pressure  of 
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the  air  but  by  the  action  of  levers  which  give 
much  greater  force  when  the  final  squeeze 
occurs,  thus  enabling  a  small  cylinder  to  be 
as  effective  as  a  much  larger  one  would  be 
under  the  primitive  arrangement  and  secur- 
ing the  best  economy  in  the  use  of  the  air. 
When  desired  this  machine  may  be  equipped 
with  the  maker's  universal  bail  which  will 
hold  it  suspended  and  in  perfect  balance  in 
any  position.  The  use  of  portable  riveters 
is  being  rapidly  extended  and  is  promoted  by 
the  putting  out  of  such  apparatus  as  here 
shown. 


A  COMBINATION   POWER  PLANT 

The  various  and  novel  combinations  of  pow- 
er generating  and  power  utilizing  apparatus, 
now  frequent,  illustrate  at  once  the  indepen- 
dence and  the  resourcefulness  of  the  modern 
engineer.  At  Pittsfield,  Mass.,  the  main  sta- 
tion of  the  electric  company  is  a  coal  burn- 
ing, steam  driven  plant  not  strikingly  different 
from  many  others  of  the  present  day.  An 
outlying  auxiliary  station,  however,  is  built 
and  operated  upon  such  different  lines  as  to 
appear  to  be  hardly  of  the  same  family. 

The  building,  to  begin  with,  is  up-to-date,  in 
that  it  is  built  of  concrete  blocks  made  by  a 
machine  on  the  spot.  There  are  three  6,000 
gallon  tanks  outside  the  building,  and  these 
are  filled  with  fuel  oil  from  railroad  cars  which 
run  alongside.  The  oil  is  allowed  to  flow  by 
gravity  into  the  basement  and  then  is  pumped 
as  required  to  two  small  tanks  in  the  engine 
room.  Here  are  two  three-cylinder  Diesel 
oil  engines,  having  a  common  shaft  with  a  350 
kilowatt  alternator  on  the  middle  of  it. 

The  Diesel  engines  are  four  cycle,  but  in 
other  respects  have  special  characteristics  of 
operation.  For  each  cycle  a  full  charge  of  air 
is  compressed  to  above  the  igniting  point  of 
the  fuel,  which  is  injected  in  quantities  gradu- 
ated according  to  the  varying  power  require- 
ments, and  is  burned,  not  exploded,  under 
controlled  conditions  of  temperature  and  pres- 
sure. The  cylinders  are  16  x  24  inch  and 
each  engine  is  rated  at  225  horse  power.  Con- 
nected with  each  engine  is  a  three-stage  belt 
driven  air  compressor  which  delivers  the  air 
at  a  pressure  of  1,000  pounds.  This  air  is 
used  not  only  continuously  when  the  engines 
are  running,  but  its  pressure  is  also  available 
for  starting  the  engines  and  getting  them  up  to 
speed  before  the  oil  combustion  cycle  is  estab- 


lished. With  each  engine  there  are  six  air 
bottles,  two  of  which  are  connected  constantly 
with  the  air  pipes  as  additions  to  their  capacity 
to  minimize  the  fluctuations  when  the  engines 
are  running,  the  other  four  bottles  being  kept 
charged  to  be  always  ready  for  starting.  A 
motor-driven  triplex  pump  is  another  element 
of  the  active  service,  thus  using  water  from 
a  neighboring  lake  and  circulating  it  through 
the  jackets  of  the  air  compressors  and  espe- 
cially of  the  engine  cylinders. 


USE  AND  ABUSE    OF    HOT  AIR 

The  following  is  a  portion  of  a  talk  by  Mr. 
C.  A.  Burgess  at  the  recent  annual  conven- 
tion at  Toledo  of  the  Ohio  State  Stone  Club: 

You  all  well  know  we  have  been  preaching 
to  you  for  years  against  the  habit  of  com- 
pressing hot  air.  It  is  quite  as  bad  as  listen- 
ing to  it.  Hot  air  should  never  be  com- 
pressed, for  it  is  a  costly  practice.  You  lose 
at  both  ends  of  the  line  by  compressing  hot 
air,  you  do  not  get  the  full  efficiency  of  the 
compressor  nor  of  the  machinery  driven  by 
the  air  after  the  compression.  Hot  air  is  all 
right  in  its  place,  but  its  place  is  not  in  a 
compressor  room  for  compressor  purposes. 

Hot  air  is  an  excellent  embellishment  in 
conventions  and  banquets.  It  is  also  an  ex- 
cellent tonic  to  use  next  morning  in  the 
Turkish  bath  after  attending  the  conventions 
and  banquets.  How  much  we  appreciate 
those  heat  waves  the  morning  after,  when  we 
find  ourselves  chanting  that  little  poem: 
Heads  of  great  men  all  remind  us 

If  we  go  the  proper  gait 
We  may  get  up  in  the  morning 
With  a  head  that's  just  as  great. 

We  know  that  that  "greater"  effect  is 
produced  by  an  "after"  effect  and  that  in- 
variably the  "after"  effect  was  produced  by 
our  separating  ourselves  from  a  generous  por- 
tion of  our  personal  effects. 

While  I  do  not  believe  the  report,  yet  I 
have  heard  of  instances  where  generous 
portions  of  hot  air  have  been  used  by  the 
quarrymen  and  road-builders  in  securing 
valuable  crushed  stone  contracts  from  county 
commissioners,  and  not  until  they  woke  up 
and  found  that  the  county  commissioners  had 
been  just  as  foxy  and  had  used  the  same 
stuff  in  framing  their  contracts  did  the 
quarrymen  and  road-builders  consider  the 
practice  a  foolish  one. 
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Did  you  ever  attend  a  letting  when  every 
surrounding  and  every  condition  made  you 
think  you  were  at  your  home  county  fair  and 
that  everybody  had  patronized  the  toy  bal- 
loon man?  There  would  be  forty-eleven  con- 
tractors and  quarrymen  present,  each  with  an 
estimate  or  proposition  so  inflated  with  hot 
air  prices  as  to  make  it  appear  more  like  one 
of  those  variegated  colored  rubber  bubbles 
than  anything  else. 

It  is  only  the  frequent  indulgence  some 
contractors  take  in  making  hot-air  estimates 
that  allows  us — the  manufacturers — to  sooner 
or  later  discover  that  our  contract  forms 
also  contain  hot-air  germs.  That  portion 
of  our  contract  forms  which  reads  "30 
days  net"  really  means  "30  days  nit." 
It  is  then  we  do  a  little  damage  our- 
selves, and  our  finance  department  at  the 
home  office  in  New  York  goes  us  one  better 
and  simply  raises — well,  they  pass  it  back  to 
us  in  an  even  more  heated  condition.  Then 
we  pass  it  along  in  an  equally  hot  condition 
to  the  party  whose  autograph  decorates  the 
rear  section  of  the  contract.  Then  he  hands 
it  back  to  us  just  a  little  hotter,  and  with 
just  a  little  redder  glow,  and  before  we  know 
it  we  are  all  raising  little  hells  of  our  own. 

Hot  air  is  a  dangerous  thing  to  use  in 
business  deals,  for  it  will  surely  burn  up  the 
bank  account  in  time.  Good,  honest  com- 
petition never  did  hurt  anybody  and  never 
will  hurt  anybody.  The  only  time  we  ever 
have  occasion  to  spell  the  word  "stung"  in 
capital  letters  is  when  we  get  out  our  hot-air 
salve  and  attempt  to  use  it  on  somebody  or 
allow  somebody  to  use  it  on  us,  or,  worst  of 
all,  when  we  try  to  use  it  on  ourselves. 

When  we  expect  to  gain  favors  we  are  not 
entitled  to  we  are  certainly  monkeying  with 
the  hot-air  tank.  When  we  fail  to  value  hon- 
esty in  our  business  transactions,  both  with 
our  customers  and  ourselves,  we  have  got 
the  hot-air  valve  open  again.  When  we  fail  to 
place  a  commercial  value  on  our  work  or  our 
products  commensurate  with  what  they  are 
actually  worth  we  have  got  the  hot-air  safety 
valve  tied  down. 


AERONAUTICS  AND  THE  ELECTRICAL 
ENGINEERS 

At  the  meeting  of  the  New  York  Electri- 
cal Society  held  in  the  Engineering  Society's 
Building,  Feb.  28,  an  interesting  lecture  was 
given  by  Mr.  Augustus  Post,  the  well  known 
aeronaut,  on  "Navigating  the  Air."  Perhaps 
a  disproportionate  volume  of  the  address  was 
given  to  the  too  familiar  balloon,  which  was 
described  with  all  its  appurtenances  in  mi- 
nute detail.  A  practical  illustration  of  an  as- 
cension was  given  by  the  inflation  of  a 
model  balloon  perfect  in  every  detail  loaned 
by  Mr.  Albert  C.  Tridca,  director  of  the  In- 
ternational School  of  Aeronautics.  Follow- 
ing the  balloons  proper  came  the  motor  driv- 
en and  dirigible  balloons  of  various  types 
and  then  the  heavier  than  air  class.  These 
were  divided  into  aeroplanes,  including  kites, 
gliding  machines  with  and  without  motor, 
and  machines  of  the  helicopter  and  ornithop- 
ter  types.  Of  these  two  the  former  are  direct 
lift  machines,  using  propellers  to  lift  them  in- 
to the  air  while  other  propellers  cause  them 
to  move  forward,  or  the  machine  is  tilted  so 
that  the  lifting  propellers  also  cause  hori- 
zontal movements.  Ornithopters,  as  the 
term  suggests,  are  bird  like  with  flopping 
wings  which  have  not  as  yet  shown  much 
promise  of  success.  Many  striking  episodes 
of  the  Gordon-Bennett  balloon  races  at  St. 
Louis  were  shown  in  moving  pictures  in 
which  were  seen  the  inflation  of  the  enor- 
mous bags  under  the  direction  of  a  special 
detachment  of  the  U.  S.  Signal  Corps,  then 
came  also  the  actual  start,  the  ascension  and 
the  shrinking  of  the  balloon  to  a  mere  speck 
in  the  sky.  A  series  of  interesting  slides 
was  shown  by  Mr.  Wilbur  R.  Kimball,  a 
large  number  of  slides  being  loaned  by  the 
Aero  Club  and  by  Mr.  W.  J.  Hommer. 


The  White  Cliffs  field  in  New  South  Wales, 
Australia,  has  produced  opals  to  the  value  of 
$5,000,000.  The  field  was  discovered  by 
hunters  while  endeavoring  to  track  a  wound- 
ed kangaroo. 


A    PNEUMATIC     DESPATCH     EXHIBI- 
TION 

The  Pneumatic  Transit  Company  upon  the 
recent  formal  opening  and  adoption  of  a 
considerable  extension  of  the  postal  pneu- 
matic tube  service  in  Philadelphia  made  the 
occasion  an  effective  demonstration  of  the 
working  of  the  system.  About  200  invited 
spectators  gathered  at  Station  C,  Nineteenth 
and  Oxford  streets,  and  saw  the  station  trans- 
formed into  a  department  store. 

Hot  tea,  coffee  and  chocolate :    roast  turkeys 
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and  other  dishes;  cakes,  pastry,  fruits  and  the 
dishes  on  which  they  were  served  to  hun- 
dreds of  guests;  aquariums  of  gold  fish,  a 
chattering  monkey,  pigeons,  cats,  guinea  pigs 
and  animals,  and  articles  of  every  description 
which  could  be  snugly  held  in  a  steel  tube 
measuring  about  thirty  inches  in  length  and 
nine  inches  in  diameter,  were  ricochetted 
from  one  station  to  another  terminating  at 
Oxford  street.  A  lighted  candle  encircled 
the  city  without  becoming  extinguished. 
None  of  the  living  things  suffered  from  the 
experience. 

From  the  main  post  office  at  Ninth  and 
Chestnut  streets  each  tube  goes  to  Station  O 
at  Tenth  and  Columbia  Avenue,  thence  to 
Station  S  at  Sixth  and  Fairmount,  to  the 
Pennsylvania  Railroad  Station,  to  Station  J, 
Nineteenth  and  North,  and  then  along  the  last 
lap  of  the  subterranean  journey  to  the  ter- 
minus at  the  Oxford  Street  Station. 


THE    LIMITATIONS    OF  AERIAL 
NAVIGATION 

There  is  a  good  deal  of  misconception  as 
to  the  probable  field  for  successful  aerial 
navigation.  To  the  lay  mind  anything  is 
possible,  and  the  '"navies  battling  in  the 
blue"  appears  a  reasonable  probability  of 
the  future.  The  engineer,  however,  real- 
izes the  inherent  dangers  and  difficulties  of 
any  form  of  air  navigation.  No  invention 
or  ingenuity  can  neutralize  the  danger  to  a 
body  poised  in  mid  air  and  dependent  only 
upon  the  supporting  power  of  the  air  to  save 
it  from  a  disastrous  fall  to  the  earth.  No 
invention  or  ingenuity  can  make  safe  the 
navigation  of  a  medium  subject  to  such 
commotions  as  hurricanes  and  tornadoes. 
By  no  possibility  can  carriage  of  freight  or 
passengers  through  mid  air  compete  with 
their  carriage  on  the  earth's  surface. 

The  field,  then,  for  aerial  navigation  is 
limited  to  military  use  and  for  sporting  pur- 
poses. The  former  is  doubtful;  the  latter  is 
fairly  certain.  As  regards  the  former,  it 
will  be  recalled  that  military  balloons  have 
been  in  use  for  more  than  half  a  century; 
and  that  modern  high-power,  long-range 
guns  have  greatly  limited  the  usefulness  of 
such  methods  of  observation.  There  is  every 
reason  to  believe  that  the  same  thing  will 
limit  the  usefulness   of  the  military   dirigible 


balloon  or  flying  machine.  As  for  the  use 
of  any  form  of  aerial  navigation  for  carry- 
ing messages,  the  development  of  wireless- 
telegraphy  and  telephony  appears  to  have 
blocked  all  prospect  of  success  there. 

The  sporting  field  is  therefore  the  real 
field  at  which  the  flying  machine  inventor 
is  aiming.  Already  ballooning  and  driving 
dirigibles  are  among  the  most  popular  fads- 
of  the  sporting  set  in  Paris.  Aside  from 
this  the  imitation  of  the  birds  has  fascinated 
thousands  and  millions  of  people  to  an  ex- 
tent that  makes  it  certain  that  the  search  for 
a  successful  flying  machine  will  go  steadily 
on,  even  though  there  be  no  prospect  of 
great  commercial  returns  to  the  inventor. — 
Engineering  News. 


A  FORTUNATE  SOCIETY 

An  esteemed  contemporary  announcing  the 
results  of  one  of  the  annual  elections  says: 

The  gentlemen  named  above  are  all  emin- 
ently fitted  to  be  officers  of  the  American 
Institute  of  Mining  Engineers.  No  better 
engineers  are  to  be  found  than  those  men- 
tioned, while  the  councilors  are  men  of  stand- 
ing and  prestige. 

It  should  not  be  forgotten,  however,  that 
Dr.  R.  W.  Raymond  is  the  man  who  has 
made  the  Institute  what  it  is.  Through  thick 
and  thin,  through  good  times  and  bad,  in 
sickness  and  in  health.  Dr.  Raymond  has- 
given  his  time  and  his  intellect  to  the  up- 
building of  the  Institute.  It  is  his  brain- 
that  makes  the  Transactions  a  standard  of 
modern  science;  his  personal  magnetism  that 
induces  men  to  contribute  gratuitously  to  the 
Institute  material  which  they  could  sell  else- 
where for  much  money;  his  power  of  man- 
agement that  has  kept  the  Institute  together,, 
nipped  in  the  bud  all  factional  differences,, 
and  brought  it  from  a  small  society  to  the 
front  row  of  the  technical  societies  of  the 
world.  For  the  last  five  years  Dr.  Raymond 
has  been  much  afflicted  with  sickness;  for 
weeks  at  a  time  he  has  suffered  the  most  ex- 
cruciating pain.  Notwithstanding  this  fact,. 
his  zeal  for  the  Institute  has  never  lagged. 
He  has  done  much  of  his  work  in  bed,  but 
the  work  has  been  done.  Why  is  it  that 
almost  every  great  human  accomplishment 
succeeds  only  by  sapping  some  man's  life- 
blood?  That  every  deed  worth  doing  is  done 
in  spite  of  pain  or  loss  or  hardship? 
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NEW  YORK'S    COMPRESSED  AIR 
HARVEST 

Probably  never  was  such  a  marvelous  har- 
vest as  that  which  the  city  of  New  York  is 
just  now  realizing  from  its  compressed  air 
plants.  We  speak  now  only  of  one  group 
of  these  plants,  the  eighty  air  compressors 
which  have  been  employed  exclusively  in 
subfluvian  work  and  which  have  averaged 
much  less  than  a  decade  of  active  service, 
and  yet  there  are  now  six  tunnels  under  the 
Hudson  River  and  eight  under  the  East 
River,  all  but  two  of  which  have  a  connected 
bore  from  shore  to  shore  and  four  of  which 
have  been  crowded  with  a  continuous  traffic 
from  the  days  of  their  recent  respective  open- 
ings to  the  public,  though  neither  has  its 
completed  traffic  connections.  The  completion 
of  each  tunnel  at  once  emphasizes  the  neces- 
sity for  more,  so  that  nothing  is  perhaps 
more  certain  than  that  numerous  other  tun- 
nels will  soon  be  under  way,  each  upon  com- 
pletion to  be  immediately  filled  with  the 
rushing  currents  of  the  city's  life. 

The  first  important  compressed  air  plant, 
from  which  New  York  enjoys  a  perennial 
harvest  was  of  course  the  New  Croton  Aque- 
duct. What  could  we  do  without  it  and  how 
could  we  have  had  it  without  the  air  driven 
drills?  Then  there  was  the  East  River  gas 
tunnel,  the  importance  of  which  as  a  pioneer 
and  educator  in  that  line  of  work  is  not  gen- 
erally recognized,  which  more  than  justifies 
the  sketch  of  the  progress  of  the  work  which 
we  present  in  our  present  issue.  Here  the 
compressed  air,  which  was  started  in  good 
faith  merely  to  drive  the  rock  drills,  soon 
was  saddled  with  a  more  serious  and  respon- 
sible function,  that  of  opposing  the  pres- 
sure of  the  water,  this  double  function  since 
prevailing  in  all  the  subsequent  tunnel  work. 
Then  came  the  subways,  which,  like  the  tun- 
nels, all  make  the  public  immediately  clam- 
orous for  more.  In  all  these  works  com- 
pressed air  has  been  the  most  conspicuous 
and  responsible  agency  of  construction  and 
must  continue  so  as  long  as  we  are  per- 
mitted to  see  into  the  future.  If  anything 
may  be  said  to  be  sure  of  constant  employ- 
ment anywhere  it  must  be  compressed  air 
in  New  York. 


A  TYPICAL    INVENTION 
The  initial  act  in  the  invention  of  the  elec- 
tric  air    drill,   the   first   recognition   or   appre- 
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hension  of  the  essential  mechanical  principle 
of  its  operation,  would  seem  to  have  been  a 
simple  and  easy  thing,  not  that  the  simplicity 
of  such  an  achievement,  as  regarded  after  the 
fact,  in  any  way  predicates  the  likelihood  of 
its  early  accomplishment.  All  through  the 
ages  we  have  waited  so  long  for  the  simplest 
things  which  we  have  been  surprised  with  when 
they  have  appeared,  and  even  then  have  been 
slow  to  appreciate  them  fully. 

The  realization  of  a  novel  invention  is  not 
unlike  the  catching  of  a  fish,  which  is  a  sim- 
ple enough  trick,  only  that  we  have  to  wait, 
alert  and  prepared,  until  the  fish  comes  along; 
and  then  the  true  fisherman's  skill  is  not  in 
getting  the  nibble,  or  even  a  bite  that  holds, 
but  in  landing  the  fish  securely  into  the  net 
of  practical  realization.  The  catching  of  a  fish 
does  not  seem  to  typify  the  entire  operation 
of  successful  invention  satisfactorily.  The  pa- 
tient working  out  of  all  the  details  of  adapta- 
tion and  practical  employment,  so  that  the 
new  apparatus  shall  show  decided  advantages 
over  all  its  predecessors,  is  quite  another  and 
a  more  protractedly  laborious  work  than  the 
first    secure    grasping    of    the    idea. 

In  fishing  for  inventions,  each  catch  is  dif- 
ferent from  all  which  have  been  caught  be- 
fore, and  after  the  capture  many  things  re- 
main to  be  learned,  both  those  which  have 
preceded  it  and  those  which  will  come  after 
it,  as  one  thing  always  leads  to  another.  Each 
notable  mechanical  invention  has  been  essen- 
tially a  simple  one  in  itself,  but  the  study  and 
development  of  its  relations  and  adaptations 
have  always  employed  many  keen  wits  besides 
that  of  the  so-called  inventor. 

At  first  it  might  be  wondered  why  the  plod- 
ding and  faithful  steam  or  air-driven  rock 
drill  should  have  been  interfered  with,  and 
how  a  device  so  different  in  some  of  its  essen- 
tials could  possibly  develop  any  advantages. 
In  the  first  place,  it  may  be  hastily  and  hon- 
estly argued  that  the  new  electric  air  drill  is 
a  complicated  arrangement  as  compared  with 
the  simple  old  rock  drill.  When  the  thing  is 
looked  into  this  objection  becomes  a  self- 
evident  absurdity,  and  the  new  device  is  a 
great  simplification  and  effects  a  great  re- 
duction in  the  size  and  number  of  re- 
sponsible parts.  The  drill  itself  has  been 
reduced  to  its  simplest  terms  and  to  the  few- 
est parts;  all  the  details  of  the  old  drill  most 
complicated,  most  responsible,  most  trouble- 
begetting,    most    costly    of    maintenance,    have 


been  discarded,  with  no  equivalent  devices 
taking  their  place.  The  old  drill  implied  a 
steam  boiler  or  an  air  compressor,  more  or 
less  distant,  always  entailing  great  losses  in 
power  development,  and  a  costly  pipe  line  to 
install  and  maintain  and  to  extend  as  the 
work  progressed.  The  new  drill  is  complete 
in  itself,  carries  everything  with  it,  and  its 
only  connection  is  the  electric  wire,  through 
which  it  asks  for  only  one-third  to  one-fourth 
of  the  power  formerly  required  to  do  the 
same  work.  In  the  actual  doing  of  its  legiti- 
mate work  the  new  drill  asks  no  odds  of  the 
old  in  any  detail  of  its  operation.  It  strikes  a 
sharper,  heavier  blow,  and  more  blows  per 
minute.  It  solves  completely  the  problem  of 
employing  the  electirc  current  in  rock  drilling. 
That  it  will,  therefore,  soon  knock  out  the 
steam  or  air  drill  is  not  to  be  expected,  but 
that  it  will  be  making  its  way  on  its  merits 
and  that  it  will  be  taking  the  lead  in  new 
installations  seems  natural. 

Like  all  new  things,  the  electric  air  drill 
must  at  first  be  misunderstood  and  more  or 
less  misrepresented,  often  with  honest  intent 
by  those  who  are  not  sufficiently  or  correctly 
informed.  It  is  well  worth  investigating  as  a 
noveltv  and   for  its  intrinsic  worth. 


A  SPECIAL     EDITOR    FOR    A.  S.  M.  E. 
PROCEEDINGS 

The  American  Society  of  Mechanical  En- 
gineers is  rising  to  its  opportunities,  widening 
its  field  of  usefulness,  and  augmenting  its 
status  as  a  national  society,  its  latest  important 
move  being  in  the  extending  of  the  scope  of  its 
published  proceedings.  These  have  lately  been 
taking  the  shape  of  a  regular  monthly  peri- 
odical and  now  the  publication  is  to  have  a 
recognized  and  responsible  editor,  in  the  selec- 
tion of  whom  the  society  is  to  be  heartly  con- 
gratulated. Mr.  Lester  G.  French  has  been 
appointed  and  has  already  entered  upon  his  du- 
ties. 

Mr.  French  was  born  in  Keene,  New  Hamp- 
shire, in  1869,  and  very  early  commenced  his 
training  in  editorial  work  and  printing  at  Brat- 
tleboro,  Vt.,  his  father  having  been  the  pub- 
lisher for  a  very  long  time  of  The  Vermont 
Phoenix,  and  a  partner  in  a  large  printing  es- 
tablishment in  that  place.  In  1891  Mr.  French 
received  his  degree  in  mechanical  engineering 
from  the  Massachusetts  Institute  of  Technol- 
ogy.    After  four  years  apprenticeship,  drafting 
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room  and  shop  experience,  principally  at  the 
Builders'  Iron  Foundry  shops  in  Providence, 
and  a  year  and  a  half  as  a  text  book  writer, 
Mr.  French  was  engaged  on  the  editorial  staff 
of  Machinery,  assisted  greatly  in  the  develop- 
ment of  that  paper  and  for  nine  years  was  its 
editor-in-chief. 

Among  the  immediate  improvements  to  be 
undertaken  is  the  establishing  of  departments 
in  the  monthly  Proceedings,  thus  providing  a 
greater  variety  of  technical  articles  of  interest. 
Many  other  features  are  planned  and  the  aim 
will  be  to  make  the  Proceedings  of  such  value 
that  no  engineer  can  afford  to  be  without 
them.  All  such  papers,  however,  will  first  be 
presented  and  discussed  before  the  Society  at 
its  meetings,  as  formerly,  thus  benefiting  the 
membership   two   fold. 

CORRESPONDENCE 

COMPRESSED  AIR  LEAKAGE 

Editor  Compressed  Air. 

I  have  something  on  my  mind.  I  have 
before  me  a  copy  of  the  first  issue  of  Reac- 
tions, which  is  an  attractive  and  valuable 
quarterly  publication  put  out  in  the  interest  of 
the  Goldschmidt  Thermit  Process  of  Weld- 
ing. I  want  to  give  first  some  extracts  from 
one  article  in  it  relating  to  compressed  air 
transmission.      It   says: 

"Few  people  realize  that  leakage  plays  an 
important  part  in  the  efficient  operation  of  a 
compressed  air  plant.  Many  concerns  will 
go  to  great  expense  in  installing  high  class 
air  compressors  with  compound  steam  cylin- 
ders and  two  stage  air  cylinders,  but  when 
it  comes  to  installing  the  pipe  line  the  ut- 
most carelessness  is  displayed,  the  same  fit- 
tings being  used  that  would  apply  to  a  steam 
line  without  the  fact  being  taken  into  con- 
sideration that  steam  and  air  are  two  very 
different  mediums.  The  heat  of  the  steam 
tends,  of  its  own  accord,  to  keep  joints  tight 
which    if   cold,    would    leak    considerably." 

The  writer  then  goes  into  figures,  consid- 
ering successively  the  large  central  power 
plant,  the  plant  of  medium  capacity,  say  for 
mines  and  quarries,  and  the  small  plant  for 
manufacturing  establishments.  Of  the  first 
he  says: 

"This  plant,  while  often  very  much  larger, 
we  will  consider  to  have  a  capacity  of  10,- 
000  cu.  ft.  of  free  air  per  minute  and  assume 
that  there   is  leakage   of   1   per  cent,   or   100 


cu.  ft.  of  free  air  per  minute.  The  horse- 
power required  to  compress  100  cu.  ft.  to 
100  lbs.  in  a  two-stage  compressor  would  be 
17.6  (allowing  15  per  cent,  for  friction  in  the 
machine).  Considering  the  cost  of  this  pow- 
er to  be  2  cents  per  horse-power  per  hour, 
the  cost  of  the  leakage  will  be  35.2  cents  per 
hour,  or  $3.52  per  ten  hour  day,  amounting 
to  $1,056  at  the  end  of  the  year  of  300  work- 
ing days.  Even  if  the  leakage  only  amounted 
to  one-half  of  1  per  cent.,  the  loss  would 
come  to  over  $500  per  year." 

The  medium  plant  is  similarly  assumed  to 
have  a  capacity  of  1,000  cu.  ft.  of  free  air 
per  minute  and  with  a  leakage  of  1  per  cent, 
as  before  the  loss  would  be  35  cents  per  day 
or  $105  per  year.  Now  for  the  manufactur- 
ing plant: 

"The  plant  is  most  frequently  of  a  capaci- 
ty of  about  500  cu.  ft.  of  free  air  per  minute, 
but  the  percentage  of  leakage  should  be  fig- 
ured a  little  higher  than  in  the  previous 
plants,  owing  to  the  fact  that  more  pains  are 
taken  with  the  larger  and  more  expensive 
plants  in  the  installation  of  machinery  and 
piping  than  is  the  case  with  smaller  and 
cheaper  plants.  Furthermore,  most  manu- 
facturing establishments  require  a  more  com- 
plicated distribution  of  the  compressed  air 
and  the  installation  of  more  valves,  bends 
and  outlets  is  needed.  It  is  therefore  more 
fair  to  consider  the  leakage  as  being  2  per 
cent,  in  these  cases.  The  compressor  will 
very  likely  be  a  single  stage  one  and  the 
horsepower  required  to  compress  the  leakage 
of  10  cu.  ft.  per  minute  to  100  lbs.  pressure 
will  be  0.207x10=2.07.  At  2  cents  per  horse- 
power per  hour  this  leakage  would  cost  41.4 
cents  per  ten  hour  day,  or  $124.20  per  year." 

The  animus  of  this  appears  in  the  last  sen- 
tence of  the  article: 

"It  is  to  counteract  these  losses  that  many 
concerns  are  now  butt-welding  the  pipe 
joints  in  their  compressed  air  and  refriger- 
ating pipe  lines,  thus  producing  a  continu- 
ous line  of  pipe  in  which  leakage  is  entirely 
impossible  and  the  cost  of  maintenance 
eliminated." 

Now,  as  to  the  loss  by  leakage.  I  have 
reason  to  believe  that  the  above  assumptions 
are  exaggerations  and  that  it  is  not  so  diffi- 
cult nor  so  unusual  as  here  represented  to 
make  piping  airtight.  The  capacity  of  the 
usual  air  receiver  represents  about  one  min- 
ute's  output   of  the   compressor   with   which 
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jt  is  associated,  and  the  piping  capacity  will 
not  average  any  more  than  that  of  the  re- 
ceiver, or  altogether  it  might  be  said  that 
two  minutes'  working  of  the  compressor 
would  fill  the  entire  system  from  atmosphere 
up  to  full  working  pressure,  and  then  when 
the  compressor  is  stopped  at  night  and  in 
the  morning  the  air  pressure  is  still  found 
there,  which  is  the  not  infrequent  occur- 
rence, it  is  easier  to  realize  how  little  air  has 
leaked  away  than   how  much. 

A  handy,  cheap  and  reliable  welding  pro- 
cess, which  Thermit  undoubtedly  is,  would, 
for  compressed  air  practice,  need  to  be  ac- 
companied by  an  equally  handy,  cheap  and 
reliable  uinvelding  process,  for  all  air  piping 
is  not  permanently  installed,  and  the  butt- 
welding  of  straight  piping  would  not  in  any 
case  eliminate  the  possible  leakage,  which 
•  occurs  not  in  the  run  of  the  pipe  but  in 
valves,  sturning  boxes  and  other  places 
where  Thermit  would  not  apply. 

TECUMSEH    SWIFT. 


Editor   Compressed   Air: 

In  looking  through  your  very  interesting 
journal  for  February,  my  attention  was  at- 
tracted by  the  description  of  Mr.  W.  C. 
Stephens'  double-edged  chisel  bit,  and  I  note 
with    considerable    surprise    that    this    gentle- 

-man  is  referred  to  as  having  introduced  the 
"now  indispensable  hollow  drill  bit." 

It  may  be  a  matter  of  interest  to  the  writer 

•■of  the  article  that  hollow  drill  bits  were  in 
use  nearly  thirty  years  ago,  and  I  have  be- 
fore me  now  the  British  Patent  Specification 

■of  C.  Pieper  No.  22589  of  1879  in  which  the 
hollow  steel  bit  and  a  delivery  of  water  under 
pressure  right  through  the  drill  from  the 
back  head  forms  an  important  item  of  the 
patent. 

J.   H.  WETHERDON. 
[The  statement  referred  to  was  given  upon 
the  authority  of  the  Mining  Journal,  London. 
— Editor  Compressed  Air.] 


QUESTIONS  AND  ANSWERS 

L.  T,  Providence,  R.  I.,  Q.:  I  have  a  gas- 
oline engine  about  4  H.  P.,  single  cylinder, 
two  cycle,  the  cylinder  4-inch  diameter  by 
4  1-2  inch  stroke,  with  80  pound  flywheel.  I 
wish  to  compress  air  on  a  small  scale  but  to 
a  high  pressure,  say  2000  pounds,  and  I  am 
thinking  of  placing  the  compression  cylinder, 
oc  cylinders,  directly  behind  the  engine  cyl- 


inder with  one  piston  rod  for  all.  I  be- 
lieve the  working  pressure  of  the  engine 
would  average  about  70  pounds  for  the 
stroke,  would  it  not?  My  question  is  as  to 
the  size  of  the  compression  cylinders.  I  sup- 
pose at  once  you  would  say  in  such  small 
powers  use  a  single  cylinder,  but  it  seems  to 
me  that  with  such  high  ultimate  pressure,  re- 
quiring a  very  small  cylinder,  that  a  second- 
ary larger  cylinder  would  facilitate  the  hand- 
ling of  more  air.  What  should  be  the  sizes 
of  the  two  cylinders,  and  what  should  be 
the  size  of  the  single  cylinder,  if  you  decided- 
ly think  that  one  cylinder  should  be  used? 
A:  we  decidedly  think  that  not  less  than  two 
cylinders  should  be  used  and  three  would  be 
better;  but  the  scheme  as  outlined  has  even 
then  several  elements  of  impracticability.  The 
engine  at  400  r.  p.  m.  and  at  the  70  m.  e.  p. 
assumed  for  the  working  stroke  would  not 
show  more  than  3  brake  horse  power.  With 
a  piston  rod  carried  out  through  the  com- 
bustion chamber  what  kind  of  stuffing  box 
and  what  packing  would  it  be  possible  to  use 
in  the  back  cylinder  head?  The  speed  as- 
sumed would  be  high  for  such  compression, 
but  not  perhaps  impossible.  An  intercooler 
between  the  two  stages  of  compression 
would  be  absolutely  necessary  and  the  ar- 
rangement as  a  whole  would  be  so  objec- 
tionable that  it  is  not  worth  while  to  compute 
any  cylinder  sizes.  Better  leave  the  engin* 
alone  if  it  is  all  right  and  have  a  suitable  belt 
driven   compressor  to   go   with   it. 


W.  W.  M.,  Pittsburg.  Q.\  I  have  pros- 
pective use  for  a  pair  of  compressed  air 
motors  about  as  follows:  50  H.  P.  at  600  R. 
P.  M.,  for  continuous  service  in  a  coal  mine, 
the  load  varying  from  30  to  50  H.  P.,  speed 
regulation  to  be  within  10  per  cent,  and  the 
motors  to  be  entirely  enclosed  and  self-lubri- 
cating. The  less  the  space  occupied  the 
better;  no  reheating  possible.  I  have  at  hand 
Mr.  Richards',  Mr.  Hiscox's  and  Mr. 
Saunders'  books  on  Compressed  Air,  but  in 
neither  of  them  can  I  find  anything  near  the 
above  requirements  or  any  data  relating  to 
the  air  consumption  of  well-built  motors  in 
the  above  sizes.  From  the  mass  of  com- 
pressor advertisements,  and  the  amount  of 
space  devoted  to  the  production  of  com- 
pressed air  in  the  various  books  on  the  sub- 
ject, and  the  corresponding  lack  of  infor- 
mation on  the  motor  end  of  the  problem  one 
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is  naturally  led  to  suppose  that  compressed 
air  for  the  production  of  rotative  motion  is 
not  in  extensive  use. 

A.:  The  simple  fact  is  that  a  steam  engine 
makes  such  a  perfect  air  motor  that  the  com- 
pressed air  people  have  no  excuse  for  ex- 
ploiting anything  special  for  that  purpose. 
You  need  a  steam  engine  of  suitable  size 
with  automatic  cut-off  governor,  such  an 
engine,  for  instance,  as  commonly  used  for 
electric  lighting,  and  you  will  find  that  the 
engine  will  work  better  with  air  than  with 
steam,  and,  of  course,  should  regulate  far 
within  the  10  per  cent,  required.  The  tables 
in  Richards'  Compressed  Air  under  "Power 
Value  of  Compressed  Air,"  should  give  you 
all  the  data  required  for  your  computations. 
Use  thin,  limpid,  oily  oil,  not  as  heavy  as 
recommended  for  air  compressors,  and  the 
lubrication  will  be  found  to  be  much  better 
than  with  steam,  as  the  oil  remains  on  the 
surfaces  much   longer. 


TRADE  PUBLICATIONS 

Steam  Turbine  Machinery.  De  Laval  Steam 
Turbine  Company,  Trenton,  N.  J.  30  pages. 
4lA  by  7  inches.     Numerous  half-tones. 


Shop  Instructions  for  the  Use  of  Ther- 
mit in  Repair  Work.  Goldschmidt  Thermit 
Company,  New  York,  32  pages  5x8  inches. 
Very  complete  detailed  instructions  are  given 
with  descriptions  of  apparatus  required,  quan- 
tity of  material  to  be  used,  etc. 


Steel  Tires — Causes  of  Defects  and  Fail- 
ures. Standard  Steel  Works  Company,  Phil- 
adelphia. 38  pages  6x9  inches.  This  is  a 
reproduction  of  a  paper  by  George  L.  Norris, 
read  before  the  Western  Railroad  Club  with 
the  discussion  which  followed  and  an  editorial 
upon  the  subject  from  the  Railroad  Gazette. 
There  are  numerous  fine  half-tones  showing 
fractures,   etc. 


Locomotives  Built  for  the  C.  R.  R.  of 
Brazil.  Record  No.  64,  Baldwin  Locomotive 
Works,  Philadelphia,  32  pages  6x9  inches 
This  describes  the  railroad  system  of  Brazil 
and  the  various  locomotives  built  for  it  by  these 
works.  The  first  locomotive  was  furnished  in 
1862,  and  up  to  date  326  have  been  built,  their 
types  representing   the   increasing   demands   of 


traffic  and  the  successive  improvements  in 
design.  Many  of  the  engines  were  "narrow" 
or  meter  gage,  but  the  larger  number  and 
for  the  principal  lines  were  five  feet  three 
inches.  It  is  intimated  that  a  considerable 
business  is  realized  by  the  works  in  supplying 
duplicate  parts  for  the  maintenance  of  this 
equipment. 


PRACTICAL  REFRIGERATION  WITH  A 
COMPRESSED  AIR  MOTOR 

Revue  Industrielle  describes  an  interesting 
and  profitable  installation  of  an  air  motor 
in  connection  with  a  brewery  in  Paris,  the 
public  compressed  air  service,  which  is 
maintained  in  that  city,  being  used  to  drive 
the  motor  for  electric  lighting  purposes,  and 
the  exhaust  being  used  for  refrigerating 
with  such  success  that  the  power  and  light  ser- 
vice costs  practically  nothing. 

The  motor  used  is  an  old  steam  engine 
with  early  cut-off,  the  cylinder,  built  to 
metric  measures,  being  17.7  inches  diameter; 
the  stroke,  35.4  inches,  and  the  normal  speed 
58  to  60  revolutions  per  minute.  The  engine 
has  an  unusually  large  exhaust  pipe,  7  inches 
in  diameter,  so  that  its  choking  by  freezing 
is  thus  avoidable.  The  motor  drives  a  dy- 
namo giving  300  amperes  at  no  to  115  volts, 
which  is  capable  of  supplying  45  arc  lamps, 
and  50  to  400  incandescent  lamps,  10  to  16 
candle-power.  The  motor  runs  7  to  8  hours 
in  summer  and  10  to  12  hours  in  winter.  It 
receives  the  air  at  71  lbs.,  and  at  a  tempera- 
ture of  53  to  60  degrees  Fahr.,  developing 
usually  about  30  horse-power,  which  on  Sun- 
day may  go  to  40  or  45  horse-power. 
Glycerine  is  used  for  lubrication,  its  pres- 
ence in  the  air  being  less  objectionable  than 
that  of  oil. 

The  theoretical  difference  of  temperature 
between  admission  and  exhaust  would  be 
about  176  degrees,  and  the  exhaust  actually 
goes  as  low  as — 76  degrees,  Fahr.  The  low- 
est temperatures  reached  are,  of  course,  in 
the  winter,  and  after  long  continuous  opera- 
tion. 

The  exhaust  pipe  is  passed  through  the 
basement,  discharging  into  the  freezing 
chamber  toward  the  bottom  of  that  room. 
This  chamber  is  divisible  into  two  parts  by  a 
movable  partition,  and  the  part  receiving 
the    exhaust    directly    is    the    freezing    com- 
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partment,  while  the  other  is  used  for  stor- 
ing ice.  The  walls,  ceiling  and  floor  of  both 
compartments,  as  well  as  the  exterior  wall 
of  the  beer  cellar,  are  made  of  blocks  of 
ground  cork  covered  with  wood  sheathing. 
The  freezing  room  and  the  ice  storeroom  are 
each  9.8  feet  long,  14.75  feet  wide,  and  5.75 
feet  high.  The  beer  cellar  is  designed  to 
hold  about  2,650  gallons  of  beer  in  barrels. 

The  exhaust  pipe  expands  from  its  general 
diameter  of  7  inches  to  a  diameter  of  15^ 
inches  in  the  wall  of  the  freezing  chamber. 
The  water  for  freezing  is  placed  in  cans 
containing  22  pounds  each.  The  air  for 
cooling  the  beer  cellar  passes  from  the  freez- 
ing room  in  a  pipe  15^  inches  in  diimeter 
and  extends  some  distance  within  that  room. 
In  the  passageway  separating  the  cellar 
from  the  freezing  room  a  subdivision  is 
made  in  this  pipe,  one  branch  going  to  the 
cellar  and  the  other  connecting  with  a  riser 
pipe  discharging  to  the  atmosphere.  A 
butterfly  valve  is  inserted  in  both  branches 
for  regulating  the  air  supply  to  the  cellar, 
so  that  it  is  possible  to  vary  the  volume  of 
cold  air  passing  into  the  cellar  according  to 
the  needs  by  by-passing  a  portion  of  the 
total  flow  to  the  atmospheric  discharge. 

The  utilization  of  the  exhaust  from  the 
compressed  air  motor  which  drives  the  light- 
ing unit  thus  furnishes  both  ice  and  cold 
which  it  would  otherwise  be  necessary  to 
purchase.  The  compressed  air  costs  at  the 
rate  of  4.45  cents  per  1,000  cubic  feet,  and 
the  consumption  per  horse-power  is  about 
847  cubic  feet.  The  net  cost  per  kilowatt- 
hour  under  these  conditions  amounts  to  6.3 
cents,  indicating  an  efficiency  of  nearly  80 
per  cent,  for  the  machine.  Ice  costs  44.7 
cents  per  100  lbs.  It  is  stated  that  for  cool- 
ing the  cellar  0.415  pound  of  ice  would  be 
required  per  gallon  on  the  basis  of  7  hours 
operation  in  summer,  or  1,100  pounds  for 
the  2,650  gallons  of  beer  which  it  holds. 
This  means  157  pounds  would  be  required 
per  hour.  The  production  of  ice  per  horse- 
power per  kilowatt-hour  amounts  to  14 
pounds.  This  means  that  when  the  lighting 
unit  is  supplying  300  amperes,  or  in  other 
words  an  output  of  34.5  kilowatts  per  hour, 
that  the  ice  capacity  is  485  pounds  in  one 
hour.  The  cost  of  this  ice  at  44.7  cents  per 
100  pounds  is  $2.17.  The  cost  of  the  com- 
pressed air  at  6.3  cents  per  kilowatt-hour  for 


the  34.5  kilowatt-hours  amounts  also  to 
$2.17.  This  indicates  that  the  lighting  ser- 
vice costs  nothing,  the  unit  supplying  an 
amount  of  ice  that  would  cost  if  purchased 
what  the  compressed  air  actually  accepted 
did  cost. 


MISLEADING   EFFICIENCIES 

It  is  unfortunately  true  that  the  word  "ef- 
ficiency" has  not  so  definite  a  meaning  as  we 
might  hope.  Ordinarily  the  word  implies  a 
ratio  between  the  measure  of  an  effect  and  a 
cause.  It  may  be  the  ratio  of  the  energy  de- 
livered in  the  form  of  useful  work  in  foot- 
pounds to  the  energy  supplied  in  the  same 
form  at  a  shaft,  or  to  that  supplied  in  the 
form  of  water  under  pressure,  in  the  form  of 
heat  in  steam,  or  heat  in  coal.  The  useful 
effect  may  not  be  measured  in  foot-pounds,  but 
in  some  other  unit  subject  to  just  as  great 
variety  in  the  form  of  expression  as  the  en- 
ergy supplied.  Quite  as  often,  however,  is  the 
word  applied  to  the  ratio  of  useful  effect  not 
in  the  form  of  energy  to  some  unit  of  supply. 
Thus,  in  ice  making  plants  the  weight  of  ice 
produced  per  ton  of  coal  is  often  used  as 
one  measure  of  the  efficiency  of  the  plant,  but 
it  by  no  means  represents  the  thermodynamic 
efficiency  considered  of  the  ratio  of  the  energy 
abstracted  from  the  system  to  the  energy  sup- 
plied. In  blast  furnace  practice  the  ratio  of 
the  weight  of  iron  produced  to  the  coke  sup- 
plied, and  with  excavating  machinery  the 
weight  of  coal  used  per  cubic  yard  excavated, 
might  be  cited  as  measures  of  efficiency  that 
are  not  energy  ratios,  though  perhaps  involv- 
ing them. 

In  still  another  sense  is  the  word  efficiency 
used ;  as  the  ratio  of  values  or  weights  or 
other  quantites;  thus  for  pumps,  the  ratio  of 
the  volume  of  water  pumped  to  the  piston  dis- 
placement ;  and  in  compressors,  the  ratio  of 
the  cubic  feet  of  gas  or  vapor  at  the  suction 
pressure  to  the  piston  displacement,  are  ex- 
amples of  volumetric  efficiency  entirely  inde- 
pendent of  the  energy  employed.  The  effici- 
ency of  a  business  might  be,  and  is  often  meas- 
ured by  the  earnings.  Quite  frequently,  though 
loosely,  the  efficiency  of  a  man  is  a  matter  for 
consideration,  implying,  when  so  used,  the 
mental  comparison,  consciously  or  uncon- 
sciously, and  his  accomplishments  in  some  line 
of  work  with  those  of  other  men  similarly  em- 
ployed, as  his  general  effectiveness. 
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Efficiency  is  sometimes  used  in  this  general 
sense  of  effectiveness  without  implying  a  ratio 
of  effect  and  cause  at  all,  but  rather  implying 
a  unit  of  capacity.  Thus,  the  efficiency  of  heat- 
ing surface  is  often  referred  to,  but  what  is 
meant  is  the  capacity  of  that  particular  surface 
for  transmitting  heat.  It  seems  rather  unfor- 
tunate, therefore,  that  a  purchaser  or  even  an 
engineer  should  be  led  to  believe  that  so  in- 
definite a  word  or  term  is  employed  as  an  ele- 
ment in  the  judgment  of  the  value  of  machin- 
ery. Any  purchaser  of  machinery  is  essentially 
an  investor  of  capital  who  expects  to  make 
money  by  supplying  some  market  with  a  com- 
modity, in  the  production  of  which  machinery 
plays  but  a  part.  For  such  a  purchaser,  or 
plant  owner,  one  style  of  machinery  is  better 
than  another  only  when  the  cost  of  its  opera- 
tion is  less  per  unit  of  product,  that  cost  being 
properly  computed,  and  including  the  cost  of 
all  raw  material  for  operation  directly  and  in- 
directly for  repairs  and  maintenance,  together 
with  the  labor  for  operation,  maintenance  and 
superintendence  to  give  the  total  operating 
cost.  To  this  is  to  be  added  the  fixed 
charges,  involving  interest  and  depreciation, 
insurance,  taxes,  and  in  the  case  of  interruption 
to  business  by  breakdowns  or  losses  of  capac- 
ity, a  sum  in  the  nature  of  damages  or  defer- 
red profits.  It  makes  not  a  particle  of  differ- 
ence to  such  an  owner  of  an  ice  or  refrigerat- 
ing plant  whether  his  steam  engine  has  a  ther- 
mal efficiency  of  5  per  cent,  or  10  per  cent.,  or 
his  boiler  60  per  cent,  or  70  per  cent.,  whether 
his  compressor  has  a  volumetric  efficiency  of 
70  per  cent,  or  100  per  cent.,  provided  the  cost 
of  his  product,  which  is  not  steam  or  gas  pow- 
er or  pumpage,  but  ice  or  refrigerated  rooms, 
be  properly  low. 

The  commercial  value  of  machinery  is,  there- 
fore, not  to  be  found  in  the  thermal,  mechan- 
ical, volumetric  or  other  efficiency  of  any  part 
alone,  nor  in  the  efficiency  of  the  whole  neces- 
sarily, but  only  in  the  earning  power  of  the 
plant.  It  is  essential,  however,  that  this  earn- 
ing power  be  properly  and  not  partially  com- 
puted, and  be  measured  not  only  over  a  month 
or  a  year,  but  for  all  time. 

The  manufacturer  of  machinery  must  be 
ever  on  guard  to  avoid  being  misled  by  false 
standards  of  value,  and  there  are  plenty  of 
illustrations  showing  the  fact  that  earning 
power  and  not  thermal,  mechanical,  volumetric 


or  any  other  standard  of  efficiency,  must  con- 
trol and  does  control  in  the  long  run  its  con- 
struction, purchase,  sale  and  operation,  how- 
ever much  the  latter  may  be  useful  as  guides. 

The  most  efficient  heat  engine  on  the  mar- 
ket is  the  Diesel  oil  engine,  which  converts  be- 
tween 30  per  cent,  and  40  per  cent,  of  the  en- 
ergy of  the  fuel  into  work  at  the  shaft.  Whyr 
then,  are  not  all  steam,  gas  or  other  oil  engines 
scrapped  or  driven  from  the  market?  The  most 
efficient  steam  engines  are  of  the  multiple  ex- 
pansion, condensing  type  with  superheated 
steam.  Why  do  they  then  not  displace  all  oth- 
ers? The  most  efficient  blower  is  of  the  piston 
type.  Why,  then,  are  rotary  blowers  and  fans 
still  built  and  sold  in  such  great  quantities?' 
Copper  is,  of  the  baser  metals,  by  far  the  best 
conductor  of  heat,  and  very  much  better  than 
iron  or  steel.  Why,  then,  are  not  all  boilers, 
feed  water  heaters,  condensers,  expansion  coils, 
brine  coolers,  refrigeration  coils,  steam  heating 
radiators,  economizers  and  other  heat  transfer 
apparatus  made  of  copper? 

The  answer  to  these  and  all  other  similar 
questions  is  to  be  found  in  the  fact  that  other 
and  more  important  conditions  of  cost,  adapt- 
ability to  the  service  or  to  particular  locations, 
ability  to  use  available  sources  of  supply, 
adaptability  to  skilled  or  unskilled  labor,  to 
continuous  or  intermittent  operation,  life  of  the 
apparatus,  and  many  others,  requiring  a  broad- 
er and  more  difficult  judgment  and  involving 
a  more  complicated  criterion  than  any  single 
efficiency,  enter  into  the  solution. — Prof. 
Charles  E.  Luck  in  Ice  and  Refrigeration. 


Sir  David  Gill  in  a  recent  address  said  that 
the  atmosphere  of  Mars  is  so  rare  that  the 
temperature  must  be  much  lower  than  our 
own,  so  much  so  that  some  people  had  imag- 
ined that  the  snow  caps  were  made  up  of 
frozen  carbonic  acid.  He  had  never  himself 
seen  the  canals  which  certain  astronomers  had 
spoken  of,  but,  granted  all  that,  he  failed  to 
see  the  remotest  proof  of  habitation  by  man. 
He  did  not  deny  the  existence  of  some  kind 
of  animals  very  different  from  ourselves,  but 
he  saw  no  proof  of  the  work  of  any  human 
beings  on  the  enormous  scale  which  had  been 
talked  about. 
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APRIL    MEETING    OF    THE    MECHAN- 
ICAL ENGINEERS 

The  next  monthly  meeting  of  The  Ameri- 
can Society  of  Mechanical  Engineers  will  be 
held  in  the  auditorium  of  the  Engineering  So- 
cieties Building,  New  York,  on  the  evening  of 
April  14.  The  general  subject  of  the  meeting 
is  The  Conservation  of  our  Natural  Resources, 
which  is  now  receiving  unusual  attention,  be- 
cause of  the  invitation  of  the  President  of  the 
United  States  to  the  governors  of  the  sev- 
eral states,  and  to  the  presidents  of  the  na- 
tional engineering  societies,  to  confer  with  him 
in  Washington  on  this  important  problem. 
The  meeting  will  be  addressed  by  four  speak- 
ers who  will  consider  forest  preservation  in 
its  relation  to  water  power,  economy  in  the 
utilization  of  fuels,  and  the  attitude  of  the  en- 
gineer in  regard  to  these.  Dr.  Henry  S. 
Pritchett,  president  of  the  Carnegie  Founda- 
tion for  the  Advancement  of  Teaching,  will  be 
one  of  the  speakers  and  will  discuss  the  "Re- 
lation of  the  Engineer  to  the  Body  Politic." 


NOTES 

A  bill  providing  for  the  creation  of  a 
Bureau  of  Mines  will  be  reported  to  the 
House  of  Represenatives  at  Washington  at  an 
■early  date.  The  only  question  undecided  by 
the  committee  having  the  bill  in  charge  is 
whether  the  bureau  shall  be  under  the  juris- 
diction of  the  Secretary  of  Commerce  and 
Labor  or  the  Secretary  of  the  Interior. 

Three  aeroplanes  will  be  contracted  for  by 
the  Signal  Corps  of  the  United  States  army. 
The  successful  bidders,  with  their  prices  and 
time  of  delivery,  are:  Wright  Brothers,  Day- 
ton, Ohio,  $25,000,  delivery  in  200  days;  A.  M. 
Herring,  New  York  City,  $20,000,  180  days; 
J.  F.  Scott,  Chicago,  111,  $1,000,  185  days.  Of 
41  bids  which  were  received  these  three  were 
the  only  ones  that  followed  the  Signal  Corps 
specifications.  The  surprise  bid  was  that  of 
Mr.  Scott,  who,  through  patriotism,  agreed  to 
build  a  satisfactory  machine  that  will  fly  for 
the  mere  cost  of  material. 

The  following  method  of  thawing  dyna- 
mite is  recommended:  Prepare  a  strong 
"wooden  box  of  the  size  required  and  line  it 
with  cloth.  Have  a  tight  fitting  lid  and 
place  in  the  center  of  the  box  a  can,  which 
"is  also  covered  tightly.  Then  place  hot  water 
in  the  can  and  cover  that.     Place  the  powder 


in  the  box  and  heat  from  the  can  of  hot 
water  will  thaw  the  dynamite  gradually  and 
thoroughly,  and  then  it  can  be  kept  for 
hours  in  a  convenient  place  ready  for  use. 
The  tight  cover  will  retain  the  heat  in  the 
box  for  a  long  time  and  all  danger  will  be 
removed. 

In  Denmark  they  have  time  and  seem  to 
think  it  pays  to  seriously  experiment  with 
windmills  for  the  development  of  electric  pow- 
er. Four  wings  are  said  to  give  the  best  re- 
sults. With  a  sail  area  of  48  square  meters 
(57.4  square  yards)  and  a  wind  velocity  of  6 
meters  per  second  (13.4  miles  per  hour)  8 
horse  power  is  obtained.  With  a  "No.  3" 
wind  (17.88  miles  per  hour)  which  is  not  un- 
usual, the  horse  power  is  doubled. 

Professor  G.  Frederick  Wright  says  that  at 
the  beginning  of  the  Christian  era  the  edge  of 
the  Horseshoe  cataract  at  Niagara  was  l$4 
miles  lower  down  than  now  and  at  the  time 
of  the  Trojan  War  it  was  at  the  head  of  the 
whirlpool  rapids,  nearly  three  miles  below. 
At  the  period  of  human  history  marked  by 
recent  discoveries  in  Egypt  and  Babylonia  this 
marvellous  cataract  was  just  beginning  its 
work  of  erosion,  while  Canada  was  as  well 
within  the  grasp  of  the  glacial  epoch  as  Green- 
land is  to-day. 

M.  Charles  Fery  has  constructed  a  very 
simple  calorimeter  for  determining  the  calo- 
rific power  of  gases  and  liquids.  The  combus- 
tion is  effected  at  the  base  of  a  glass  chimney, 
the  top  of  which  supports  a  nickel  plate 
pierced  with  a  number  of  holes.  The  air 
necessary  for  combustion  passes  down  a  sim- 
ilar chimney,  which  is  connected  at  its  base 
with  the  former.  The  two  junctions  of  a  con- 
stantan-copper  thermo-circuit  are  placed  at  the 
tops  of  the  chimneys,  and  the  electromotive 
force  in  the  circuit  is  exactly  proportional  to 
the  calorific  power  of  the  combustible  and  to 
the  volume  of  it  consumed  in  unit  time. 

Electrical  air  filtration  is  suggested  by  an 
English  experimenter,  who  has  discovered 
that  a  body  positively  electrified  to  100  volts 
or  over  will,  if  placed  in  a  sooty  atmosphere, 
become  covered  with  soot  in  a  day,  while  a 
negatively  charged  body  remains  compara- 
tively clean.  In  an  application  of  this  dis- 
covery to  the  fan  intake  of  a  ventilating  sys- 
tem, a  sheet  of  wire  gauze  was  inserted  in  the 
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intake  flue,  and  electrified  by  connection  to 
the  positive  of  a  250-volt  supply  main.  The 
gauze    is    reported    to    have    extracted    large 

quantities  of  soot  from  the  air. 

Mercury  spilled  on  a  table  or  floor  is  some- 
what hard  to  collect,  unless  special  precautions 
are  taken,  owing  to  its  tendency  to  divide  into 
small  globules,  which  roll  away  at  the  slightest 
touch.  If  a  wet  ring  is  made  round  the  spilled 
mercury  by  the  aid  of  a  wash  bottle  or  other 
similar  means,  it  will  be  found  that  the  globules 
of  mercury  cannot  readily  cross  this  ring;  the 
mercury  can  then  be  collected  in  a  small  shovel 
made  from  a  piece  of  thin  card,  or  even  an 
ordinary  envelope. 

The  question  of  how  deep  mining  opera- 
tions may  be  carried  is  much  discussed,  but 
has  never  been  determined,  except  locally. 
In  some'  instances  it  has  been  determined 
by  economic  conditions ;  in  others  by  physi- 
cal conditions,  such  as  large  floods  of  hot 
water,  or  high  temperature  of  the  air.  From 
a  mechanical  standpoint  equipment  can  be 
provided  which  will  enable  the  sinking  of 
shafts  and  the  operation  of  mines  to  a  depth 
approximating  10,000  feet.  At  present,  about 
5,000  feet  is  the  limit.  It  is  probable  that  the 
only  inducement  required  to  carry  mining 
operations  to  a  depth  of  two  miles  is  rock 
sufficiently  rich  to  pay  the  cost. 

Wind  pressure  varies  with  the  square  of 
the  velocity  of  the  wind,  but  there  is  as  yet 
no  agreement  as  to  the  constant  in  the 
formula.  According  to  Smeaton,  P=o.oo5V2; 
according  to  Martin  P  =  0.004 V2;  according 
to  Whipple  and  Dines,  P  =  o.oo29V2;  where 
P  is  the  pressure,  when  the  surface  is  at  right 
angles  to  the  direction  of  the  wind,  in  lb. 
per  sq.  ft.  and  V  is  the  velocity  in  miles  per 
hour.  At  60  miles  per  hour  these  formulae 
give  the  pressure  in  lb.  per  sq.  ft.  as  18,  14.4, 
and  10.44,  respectively.  The  Smeaton  for- 
mula is  generally  accepted  as  correct  for 
small  surfaces  such  as  used  in  wind-mill  prac- 
tice, but  it  gives  too  large  results  for  large 
solid  bodies.  The  Smeaton  formula  is  used 
by  the  U.  S.  Signal  Service. 

There  is  an  immense  traffic  in  wine  on  the 
Italian  railroads:  but  the  consignees  this 
year  complain  bitterly  of  the  "evaporation" 
from   the   casks   en   route.     In   a   single   fort- 


night a  Milan  firm  found  one  cask  with  a 
gimlet  hole  and  25  gallons  short;  another 
with  bung  out  and  also  25  gallons  short; 
three  broken  open  with  60  gallons  missing,. 
and  another  which  lacked  the  bung  and  20 
gallons  of  wine.  These  calamities  are  doubt- 
less due  to  the  failure  of  the  railroads  to 
keep  a  supply  of  water  on  their  freight 
trains.  From  time  immemorial  it  has  been 
the  custom  of  wagoners  hauling  wine  into 
Rome  (and  doubtless  other  places)  over  the 
Campagna  in  the  heat  of  the  day  to  take 
their  siesta  under  the  shade  of  the  cask,  pro- 
vided with  a  gimlet.  But  they  always  de- 
livered the  casks  full,  which  was  easy  to  do 
because  further  on  the  evaporation  could 
be  made  good  from  the  aqueducts. 

At  the  recent  meeting  of  the  American; 
Society  of  Heating  and  Ventilating  En- 
gineers, Mr.  H.  W.  Whitten  gave  an  account 
of  tests  made  to  determine  the  air  leakage 
of  ordinary  windows.  He  found  that  with  a 
wind  pressure  equal  to  0.1  in.  of  water  out- 
side a  window  and  a  1-32-in.  clearance  be- 
tween window  frame  and  sash,  105  cu.  ft.  of 
air  were  driven  per  hour  through  each  lineal 
foot  of  such  clearance  space,  while  with  a 
1-16-in.  clearance,  the  leakage  was  184.8  cu. 
ft.  per  hour.  With  other  windows,  equipped 
with  good  metal  weather  strips  and  subject- 
ed to  the  same  pressure,  the  leakage  amount- 
ed to  no  more  than  12  cu.  ft.  per  lineal  foot 
per  hour.  In  tests  made  with  a  pressure  of 
Yi  in.  of  water,  which  corresponds  to  a  wind 
velocity  of  24  miles  per  hour,  leakages 
were  noted  of  179  cu.  ft.  per  lineal  foot  for 
1-32-in.  clearance,  402  cu.  ft.  for  1-16-in. 
clearance,  and  45.6  cu.  ft.  for  the  sash  with 
the  metal  weather  strips.  With  a  pressure 
double  that  used  in  the  latter  case,  equiva- 
lent to  a  wind  velocity  of  48  miles  per  hour, 
the  leakages  were  432  cu.  ft.,  591.6  cu.  ft.  and 
69  cu.  ft. 

Dr.  Gans,  of  Garmisch,  near  Munich,  chair- 
man of  the  airship  section  of  the  Bavarian 
Automobile  Club,  has  offered  a  prize  of  10,000 
marks,  ($2,380)  to  be  awarded  to  a  flying 
machine,  between  May  1.  and  October  1,  1908, 
during  the  Munich  Exhibition.  Competitors 
of  any  nationality  are  eligible  for  this  prize. 
The  prize  will  be  awarded  to  the  aeronaut 
who,    starting    from    the    ground,    succeeds    in 
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flying  or  remaining  suspended  in  the  air  above 
the  space  assigned  to  him  for  the  purpose,  for 
10  min.,  and  in  landing  within  that  area  after 
the  10  min.  have  elapsed.  Balloons  or  flying 
-machines  fitted  with  balloons  are  not  eligible 
for  competition.  Intending  competitors  must 
enroll  their  names  on  the  list  in  the  office  of 
the  Sports  Committee  of  the  Exhibition, 
".Munich.  1908,"  and  send  a  description  of 
their  flying  machine,  accompanied  by  a  photo- 
graph or  sketch  and  pay  an  entrance  fee. 
Further  details  may  be  had  by  applying  to  the 
office  of  the  Sports  Committee  of  the  Exhibi- 
tion, "Munich,  1908,"  10  Neuhauserstrasse, 
Munich,  Germany. 

Reporting  from  Hanover,  Consul  Robert 
J.  Thompson  says  that  a  newly  invented  re- 
frigerating apparatus,  a  model  of  which  has 
recently  been  privately  exhibited  in  that 
German  city,  promises  good  results.  The 
device  is  an  extremely  simple  and  inex- 
pensive affair,  costing  perhaps  not  more 
tthan  $1  to  manufacture.  It  consists  of  a 
double-wall  tin  vessel  with  a  capacity  of  5 
gallons  or  more.  There  is  a  hollow  space 
between  the  two  walls,  or  inner  and  outer 
vessels.  This  space  completely  surrounds 
the  inner  compartment  and  is  about  an  inch 
in  width.  By  the  graduated  admission  of  car- 
bonic acid  to  this  surrounding  chamber  at 
the  bottom  of  the  vessel,  and  from  this  sur- 
rounding chamber  into  the  vessel  proper  at 
the  top  through  a  cross-armed  tube,  the 
contents  of  the  vessel  are  frozen  quickly  and 
completely.  Water  is  changed  into  ice  in 
the  space  of  sixty  seconds.  Meats,  fruits, 
bottled  beverages,  may  be  chilled  or  frozen 
in  a  few  seconds.  But  then  you  must  have 
your  supply  of  carbonic  acid,  so  that  it's  not 
so  cheap  and  handy  after  all  as  would  seem 
to  be  implied  above. 

One  of  the  first  attempts  at  accurate  meas- 
urement for  furnace  temperatures  was  by 
means  of  Seger  cones.  These  are  slender 
cones  several  inches  in  height,  molded  from 
some  refractory  material,  such  as  clay,  mixed 
with  other  substances  in  such  proportions  that 
cones  having  different  melting  points  are 
obtained.  A  measurement  of  the  high  tem- 
perature is  made  by  placing  a  number  of  the 
cones,  having  graduate  melting  points,  in  the 
furnace  or  kiln.     Some  of  the  cones  may  melt 


down  while  others  are  unaffected.  The  one 
which  shows  incipient  fusion  will  register  very 
close  to  the  temperature  of  the  furnace.  Py- 
rometers of  various  types  are  much  used  in 
high-temperature  measurements,  the  thermo- 
electric pyrometer  being,  perhaps,  the  most 
popular  in  the  United  States.  This  instrument 
is  based  upon  the  principle  of  the  thermo- 
electric couple.  In  it  two  dissimilar  metallic 
conductors  are  joined  and  connected  in  electric 
circuit  with  a  galvanometer.  The  couple  is 
inserted  into  the  furnace  when  an  electric  cur- 
rent is  generated  which  produces  a  deflection 
of  the  galvanometer  needle,  the  amount  of 
which  deflection  depends  on  the  temperature. 
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THE  SOUTH  AFRICAN  MINES 
DRILLING    CONTEST 

The  labor  problem  of  the  South  African 
gold  mines,  or  "on  the  Rand,"  has  been  for 
some  time  most  serious  and  urgent.  The  de- 
portation of  53,000  Chinamen  left  the  colony 
with  a  labor  supply  deficient  both  in  quantity 
and  quality.  A  machine  substitute  for  the 
former  hand  drill  became  an  imperative  neces- 
sity. A  stope  drill  of  some  sort  which,  if 
operated  in  sufficient  numbers  could  drill  100,- 
000  3  foot  holes  per  day,  was  urgently  needed. 
These  holes  if  drilled  by  hand  would  cost, 
roughly,  $100,000,  so  that  there  was  and  is  an 
immediate  market  for  2,000  to  5,000  stope  drills 
when  there  is  a  practical  assurance  of  their 
efficiency  and  reliability.  Ten  or  twelve  dif- 
ferent makes  of  drills  had  been  offered  to  the 
industry  within  a  year,  but  still  all  was  con- 
fusion as  to  their  merits  and  in  the  ordinary 
course  of  events  it  would  have  taken  prob- 
ably years  to  decide  which  was  best  or  near 
best. 


In  this  contingency,  to  assist  all  concerned 
in  arriving  at  a  satisfactory  conclusion  in  re- 
gard to  the  work  of  the  drills  offered,  South 
African  Mines,  a  most  enterprising  and  worthy 
technical  publication,  proposed  a  formal  con- 
test, offering  to  the  winning  drill  a  trophy 
costing  $500,  the  award  to  be  made  upon  the 
aggregate  depth  of  holes  drilled  in  a  given  time, 
the  only  other  condition  being  that  the  drill 
should  be  a  one  man  drill.  The  competitors 
were  to  be  at  no  expense  other  than  the  fur- 
nishing of  their  own  drill  and  equipment,  and 
a   competent   operator   in  each   case. 

The  contest  proposed  was  accepted  and  every 
preparation  was  made  for  a  carefully  con- 
ducted and  absolutely  fair  trial.  An  advisory 
board  of  16  men  of  the  highest  standing  was 
selected  and  under  their  advice  the  prelim- 
inaries were  outlined.  The  competition  hav- 
ing assumed  greater  proportions  than  ever 
anticipated  by  the  promoters,  the  entire  min- 
ing industry  having  interests  in  one  way  or 
the  other  to  be  much  affected  by  the  result, 
the  advisory  committee  was  finally  increased 
to  72.  The  Lord  High  Commissioner  of  the 
colony,  Lord  Selborne  helped  the  affair  untir- 
ingly, the  character  and  extent  of  his  interest 
being  perhaps  best  shown  by  the  half-tone 
herewith,  in  which  he  appears  in  the  fore- 
ground actually  operating  the  Gordon  drill 
used   in   the  underground   contest. 

Professor  Orr  was  the  judge  of  the  sur- 
face contest  and  Professor  Yates  of  the  under- 
ground, both  of  whom  presented  elaborate  re- 
ports with  complete  tabulated  records  of  the 
entire  contest.  These  reports  it  is,  of  course, 
entirely  impossible  to  reproduce  or  even  sat- 
isfactorily to  abstract,  but  the  results  are  very 
simply  stated.  The  Gordon  drill  was  so  pro- 
nouncedly the  leader  all  through  and  the  tri- 
umphant winner  at  the  end  that  there  was  not 
a  word  to  be  said.  The  record  of  the  contest 
is   unique   in   that   there   was   not  the   slightest 
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dispute,  protest  or  misunderstanding  through- 
out the  entire  proceedings. 

A  WELL  DESERVED  VICTORY. 

Before  the  final  reports  of  the  judges  were 
available   South    African    Mines    said: 

"We  are  advised  by  both  judges  that  the 
winner  is  the  'Gordon,'  and  that  whatever 
positions  may  be  assigned  to  the  other  com- 
peting drills,  when  results  are  compared  in  de- 
tail, no  doubt  exists  regarding  the  pre-em- 
inence of  the  victor.  The  winner  is  well  de- 
served and  popular ;  indeed,  the  highest  tri- 
bute that  has  been  paid  to  the  searching  char- 
acter of  the  conditions  under  which  the  con- 
test was  carried  out  is  the  unanimous  con- 
census of  opinion  that  the  best  drill  has  won. 
The  fine  performance  of  the  'Gordon'  was  the 
feature  of  the  contest.  Not  only  did  it  beat 
all  the  others,  and  beat  most  of  them  by  a 
substantial  margin,  but  it  fulfilled  the  claim 
of  its  owners  and  makers  in  a  manner  sur- 
prising to  those  of  us  who  are  familiar  with 
the  frequency  with  which  the  promise  of  a 
stope  drill  outruns  performance.  Underground 
the  superiority  of  the  Gordon  was  most  mark- 
ed. Alone  of  all  the  competitors  it  performed 
the  full  allotted  task.  Its  lightness,  porta- 
bility, and  water-feed  attachment  gave  it  an 
immense    advantage. 

"The  more  the  conditions  assimilated  to  ac- 
tual mining  practice,  the  more  the  Gordon 
drew  ahead.  On  the  surface,  in  the  four  gran- 
ite blocks,  it  was  merely  the  drill  that  did  the 
most  work  in  the  stipulated  time;  amid,  the 
difficulties  underground  it  was  the  drill,  and 
the  only  one,  that  drilled  all   the  time." 

CONDITIONS    OF   THE   SURFACE   CONTEST. 

Four  granite  blocks  approximately  5  by  3 
by  3  feet  were  conveniently  placed,  three  of 
them  with  the  front  face  inclined  25  degrees 
back  from  the  vertical.  Each  drill  was  re- 
quired to  drill  one  hole  in  each  block.  The 
holes  drilled  in  blocks  A,  B  and  C  were 
to  be  wet  holes  drilled  at  right  angles 
to  the  face.  Dry  holes  were  to  be  drilled 
in  block  D,  the  first  and  third  to  be 
horizontal  and  on  the  right  side  of  the 
column;  the  second  hole  on  the  left  hand 
side  to  be  drilled  at  an  angle  of  10 
degrees  above  the  horizontal.  These  holes  are 
always    referred    to    by    the    drillers    as    dry 


holes,  that  is,  holes  into  which  water  cannot 
be  poured,  but  it  was  within  the  province  of 
any  competitor  to  supply  water  if  his  machine 
was  specially  designed  to  do  so.  No  inde- 
pendent   spray   apparatus   was   admitted. 

The  trials  began  promptly  each  morning  at 
8 :30.  Each  contestant  was  to  do  one  hour's 
drilling  in  each  of  the  three  blocks,  A,  B  and 
C,  and  one  hour's  dry  drilling  in  block  D.  A 
pause  of  one  quarter  of  an  hour  took  place 
between  leaving  one  block  and  column  and 
starting  on  the  next.  During  the  three  in- 
termissions nothing  could  be  done  by  the  con- 
testants to  their  machines  other  than  to  take 
them  off  one  column  and  place  them  along- 
side the  next  column.  There  were  two  series 
of  tests  like  this  for  each  contestant,  the  first 
day's  trials  being  at  an  air  pressure  of  50  lbs., 
and  the  second  day's  trials  with  the  air  at  60 
lbs. 

Suitable  columns,  rigidly  erected,  were  fur- 
nished, with  a  column  arm  on  each,  column 
clamps  being  furnished  by  each  contestant. 
The  contestant  might  locate  the  column  in  a 
suitable  position  for  drilling  before  the  trial 
began,  but  could  not  adjust  the  arm  or  clamp. 
The  drill  itself  was  to  lie  three  feet  away  from 
the  column.  At  least  one  hole  was  to  be 
drilled  on  each  side  of  the  column  during  each 
run  on  each  block,  each  hole  not  less  than 
36  in.  deep  nor  more  than  45  in.,  and 
for  each  hole  a  change  in  the  position 
of  both  the  arm  and  the  column  clamp. 
A  50  ft.  length  of  Y  in.  air  hose  was 
used,  the  machine  end  of  the  hose  be- 
ing disconnected  before  beginning  work  on 
each  of  the  blocks.  Each  operator  had  a  roped 
in  space  in  front  of  the  block  8  by  8  feet,  only 
two   contestants   working  each   day. 

CONDITIONS  OF  THE  UNDERGROUND  CONTEST. 

The  underground  trials  were  held  in  a  stope 
which  dips  about  25  degrees  and  is  about  7 
ft.  wide.  The  underhand  bench  used  for  down 
holes  was  about  30  ft.  long,  and  furnished  a 
working  face  4  ft.  6  in.  to  5  ft.  wide,  all  in 
banket.  The  bench  for  the  test  on  dry  holes 
was  about  30  ft.  further  east.  The  face  at 
that  point  was  about  4  ft.  6  in.  wide,  about  18 
in.  of  which  was  sandstone,  the  rest  bank- 
et. This  face  was  also  about  30  ft.  long, 
in  which  distance  it  rose  about  9  ft.  in  height. 

The    more    important    conditions    governing 
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the  drilling  of  the  holes  were  that  eight  dry 
holes  should  be  drilled  on  one  bench  one  day, 
and  eight  wet  holes  on  the  other  bench  the 
next  day;  each  hole  should  require  a  change 
in  position  of  both  the  arm  and  the  column 
clamps ;  not  more  than  two  consecutive  holes 
should  be  drilled  on  one  side  of  the  column. 
and  not  more  than  four  holes  from  one  set- 
up. After  the  "holes  were  drilled,  the  machine, 
the  bar  and  everything  but  the  drill  steel  had 
to  be  returned  to  the  place  in  the  drift  whence 
they  had  been  taken  when  the  test  started.  All 
holes  had  to  be  drilled  following  as  near  as 
possible  the  angle  of  dip  of  the  banket,  no 
holes  to  be  less  than  36  in.  nor  more  than 
45  in.  long.  Each  competitor  was  allowed  one 
spare  machine. 


The  following  is  condensed  from  the  sum- 
mary of  results  prepared  by  South  African 
Mines  : 

Nine  drills  competed,  five  with  reciprocating 
pistons  and  four  of  the  hammer  type,  the 
weights  ranging  from  44  J4  to  129  lbs.  The 
winning  drill  weighed  72  5-8  lbs ;  other  drills 
are  given  in  Table   1. 

AS    TO    ONE    MAN    MACHINES. 

The  conditions  were  framed  throughout  for 
a  one  man  drill  competition,  but  not  all  the 
drills  competing  could  be  considered  as  belong- 
ing to  the  class.     Several  of  them  have  usually 
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No  allowance  was  made  for  lost  time  ex- 
cept in  case  the  air  pressure  fell  below  the 
specified  pressure  of  60  lbs.  Two  bars  were 
furnished,  one  2  ft.  6  in.  closed,  and  the  other 
3  ft  closed,  and  sufficient  wedges  and  blocks 
were  supplied  for  making  a  set-up  quickly. 
Star  and  chisel  bits  had  to  be  used  for  all 
eight  holes;  60  drills  were  allowed.  The 
bit  of  the  36  in.  steel  could  not  measure  less 
than  1%  in.  The  steel  for  deeper  holes  had  to 
have  a  bit  at  least  1%  in.  The  test  was  de- 
termined by  the  number  of  inches  drilled  in 
the  length  of  time  expired  between  the  tak- 
ing of  the  drill  from  and  the  return  of  it  to 
the  drift.  Water  was  furnished  to  the  ma- 
chines   in   whatever   manner    desired. 


Nam* 
of  machine. 


Kitnber 

Little  Wonder  . 

Gordon 

Little  Kid 

Baby    iDgersol) 

Flottmann 

Hardsocg 

Little    Holman 

Chersen 


Type. 


Hammer 

Reciprocating  piston 
Hammer 
Reciprocating  piston 

Do. 
Hammer 

Do 
Reciprocating  piston 

Do. 


•3  « 

9  ? 


9° 

ins. 
3J 

1  3/16 
2 

2i 
2| 

1  8 

2 

Sj 


ins. 
3 


si 

ins. 

12 

in 
10 

18 
15 
24 
18 
16 
18 


1I.H. 

100 

1  IP* 

728 

108$ 

129  J 
52| 
44* 
97*. 

1133 


TABLE  1,    DETAILS   OF  COMPETING    DRILL8. 

had  an  unskilled  colored  laborer  to  rig  up 
and  take  down  the  drill  and  column,  and  a 
white  man  either  to  supervise  the  running  or 
to  operate  it  himself.  On  the  Rand  economy 
of  labor  is  of  superlative  importance  and  the 
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strictly  one  man  drill  represents  a  great  an- 
nual saving  in  operation  when  compared  with 
the  drill  which  requires  two  or  three  operators 
or  assistants.     Other  things  being  nearly  equal 


r>n  lbs  pressure. 

60  lbs  pressure. 

&  . 

8.  . 

Name  of 

■s~i 

®  s 

!i 

■515 

0  ° 

Drill. 

C-= 

aj£ 

D-o 

S.S 

0  a 

0-0 

PS 

Jl 

£5 

fl'l 

Inches 

Inches 

Kimber 

155g 

4  hrs 

064 

203 

4  hrs 

0-8 

Li  1  tie    Wonder 

(tappet* 

1995 

4  hrs 

083 

239g 

4  hrs 

10 

Gordon 

340J 

4  hrs 

142 

4411 

4  hrs 

1  84 

Little  Kid 

189J5 

4  hrs 

079 

S70j 

4  hrs 

7  12 

Hardsocg 

l'i 

05  min 

0-12 

— 

— 

— 

Baby  Ingersoll 

302 

4  hrs 

126 

353 

4  hrs 

1'47 

Flotttnann 

2268 

4  hrs 

094 

3025 

4  hrs 

126 

Little  Holman 

170-; 

4  hrs 

071 

2021 

4  hrs 

084 

Chersen 

315 

4  hrs 

1  31 

3961 

4  hrs 

1  66 

TABLE    2,   RESULTS  OF  SURFACE  CONTEST. 

speed  of  drilling  is  of  the  first  importance. 
However  low  the  air  consumption,  or  however 
little  the  cost  of  up-keep  these  things  cannot 
count  unless  holes  of  good  depth  are  drilled 
in  reasonable  time.  The  winning  drill  was  the 
only  machine  which  completed  the  task  set. 
At  the  surface  all  the  competitors  with  the 
exception  of  the  Hardsocg  ran  for  four  hours 


A  number  of  interesting  things  are  to  be 
gathered  from  table  4.  in  which  the  total  time 
is  compared  with  the  actual  drilling  time,  the 
difference  indicating  the  proportion  of  the  time 
employed  in  setting  up  and  making  the  re- 
quired changes.  This  table  besides  establish- 
ing the  relative  handiness  of  the  different 
drills  also  throws  a  most  interesting  light  on 
the  question  of  air  pressures.  This  was  a  les- 
son  especially  needed  in  all  the  South  Afri- 
can mines,  where  the  prevailing  pressures  have 
been,  as  compared  with  practice  elsewhere,-  ab- 
surdly low.  The  importance  of  the  matter  is 
shown  by  the  contrast  between  the  inches 
drilled  per  minute  of  actual  running  time  with 


50  lbs  pressure 


60  lbs  pressure. 


Name  of 
Machine. 


Kimber 

Little  Wonder.. 
Gordon 
Little  Kid 
Baby  Ingersoll 
KlotlmanD 
Little  Holman 
Chersen 


111 
064 
083 
1  42 
0-79 
1-26 
094 
071 
131 


~%2& 


o  u.  a 

.5  8.2 

106 
1  17 
165 
It  8 
1  64 
1  55 
088 
1  74 


1|I 


a  a2 
v'aS 


7.i9 

86 

72  5 

767 

609 

80'3 

753 


«o    .    —  «a. 


3  a' 


;  as 

0-8 

10 

184 

1  12 

147 

126 

084 

165 


16 
145 

214 
147 
206 
169 
107 
214 


60 

68 

86 

766 

71  3 

720 

784 

771 


Wet  Holes 


Dry  Holes. 


TABLE  4,     TOTAL     TIME  AND  ACTUAL  DRILLING   TIME. 


Name  of 
Drill. 

Little  Wonder 
(tappet)      ... 
Gordon 

Little  Kid  ... 
Baby  Ingersoll 
Flotlmann  ... 
Little  Holman 
Chersen 


■5~2 

Q-S 
Inches 
211.1 

III  Hi1, 

277 
293J 

"I 

352 
31»i 


16» 

3:t«! 

253 

137 

291 

223 


068 
182 

0  82 
116 
056 

1  21 
143 


■5~2 
&=: 

Q-o 

Inches 

312 
36 
192;j 


!=2 


781 

77S 


179  min 
289     „ 
360J  „ 

245     „ 

288     „ 


174 
012 
053 

032 

027 


TABLE  3,    RfSULTS  OF  UNDERGROUND  CONTEST. 

both  with  50  and  60  lbs.  air  pressure,  although 
one  or  two  machines  were  constantly  in  dif- 
ficulty. 

Underground  the  real  practical  value  of  the 
stope  drills  was  determined.  The  conditions 
were:  The  drilling  of  eight  holes  in  a  wet 
or  underhand  stope,  and  eight  in  a  dry  or 
overhead  stope,  each  hole  to  be  not  less  than 
36  in.  deep.  The  Gordon  drilled  the  16  holes 
in  5  hours  47  min.  The  Chersen  drilled  12 
holes  in  8  hours  29^2  minutes,  and  the  Baby 
Ingersoll  did  13  holes  in  10  hours  13^  min. 

Tables  2  and  3  summarize  the  results,  the 
former  at  the  surface  and  the  latter  under- 
ground. 


50  lbs.  air  pressure  and  the  number  drilled  at 
60  lbs. 

The    higher    efficiency    of    the    then    leading 
drills  at  the  higher  pressure  was  as  follows : 

Gordon 30      per  cent. 

Chersen 23       per  cent. 

Baby    Ingersoll 251/2  per  cent. . . 

These'  calculations  are,  of  course,  all  based 


Name  of 
Drill. 

At  Surface. 

Underground. 

<£T3 

:i  0 

•5  s 

«    1 

£"0 

:i  0 

•51 

a   1 

B   °T3 

—  = 

a  M 

a  m 

>-s2 

C    - 

S— 

t-i-a 

Sa 

<  s<2 

1 

Gordon 

781875 

480 

6185 

347 

169 

Chersen 

71125 

480 

397-2S 

5095 

112 

3 

Baby  Ingersoll  . 

655 

480 

485  75 

6135 

104 

4. 

Flottmann 

529 

480 

7725 

1*7 

098 

5 

Little  Wonder... 

43925 

480 

21125 

307  5 

083 

R 

Little  Holman... 

372  875 

480 

430  25 

536 

079 

7 

Little  Kid 

4595 

480 

313 

627-25, 

069 

8. 

Kimber 

358375 

480 

— 

199 

0-52 

TABLE  5,   AVERAGE  OF  TOTAL  WORK. 

on  completed  holes  only,  no  hole  less  than  36 
inches  nor  any  portion  of  a  hole  over  45 
inches  being  counted. 
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DRILL    STEELS. 

Of  the  nine  drills  competing  five  had  con- 
siderable trouble  with  their  drill  steels,  one  or 
two  machines  retiring  from  the  contest  on 
this  account.  The  failure  of  certain  machines 
underground  was,  however,  really  on  account 
of  their  inability  to  drill   dry  holes. 

PREVENTING     MINER'S     PHTHfSIS. 

Another  point  of  interest  in  the  contest  not 
only  to  the  medical  man,  but  to  all  connected 
with   the   mining   industry   was   in    its   bearing 


most  efficient  workman  and  it  is  only  fair  to 
him  to  say  that  had  the  Gordon  been  in  less 
skilled  hands  it  would  not  have  done  as  good 
work.  On  the  other  hand,  says  South  African 
Mines,  we  should  be  doing  the  drill — which  is 
essentially  a  "fool  proof"  machine  requiring 
from  the  runner  extremely  little  practice  to 
be  able  to  operate  it  successfully — a  great  in- 
justice if  we  attributed  the  success  of  the 
drill  to  the  dexterity  of  its  operator.  A  na- 
tive operator  shortly  before  this  trial  ran  the 
machine  in  regular  mining  work  and  obtained 
results  which  conclusively  proved  that  the 
Gordon  is  not  a  drill  for  skilled  operators  only, 


BOY  MALAMBA    DRILLING    WITH   GORDON  DRILL  AS  MUCH   AS   ALL   THE  ONLOOKERS  WORKING   BY   HAND 


upon  the  problem  of  arresting  the  evil  of 
miner's  phthisis.  The  Gordon  drill  method 
of  wetting  the  holes  by  feeding  water  through 
hollow  steel  was  a  novel  and  striking  feature. 
It  was  thought  that  it  should  do  more  in  rid- 
ding the  Rand  of  this  pestilential  disease, 
than  all  the  commissions  that  have  sat  and 
all  the  respirators  and  atomizers  ever  in- 
vented. 

AS    TO    THE    OPERATORS. 

Of  course  there  was  a  difference  in  the  op- 
erators of  the  different  drills.  Mr.  Frank 
Crean,  who  ran  the  Gordon  proved  himself  a 


but  can  render  most  efficient  service  with  any 
average    Rand    mine    "boy." 

DESCRIPTION   OF  THE  GORDON    DRILL. 

The  construction  and  operation  of  this  drill 
is  easily  understood  by  reference  to  the  cut 
on  the  following  page ;  and  the  most  evi- 
dent feature  of  it  is  its  simplicity.  This 
will  appeal  especially  to  the  man  of  the 
shop  familiar  with  the  building  of  drills. 
It  appears  at  once  that  there  are  no 
parts  of  such  intricate  shape  as  to  call  for 
castings.  Every  part  can  be  and  is  made  of 
forged  steel  of  the  precise  quality  best  adapted 
to  the  specific  function  of  that  part.     All  parts 
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are  machined  all  over,  and  there  is  every  op- 
portunity for  the  most  accurate  fit  and  the 
finest  finish  of  surfaces,  all  parts  requiring  it 
being  hardened,  and  the  fits  being  made  by 
grinding   to   micrometric  gauges. 

The  barrel  or  shell  of  the  drill  is  round  and 
is  held  in  a  round  clamp,  so  that  in  setting  it 
it  can  be  turned  and  slid  to  the  most  satis- 
factory position  before  clamping,  and  then  it 
can  be  clamped  with  absolute  security.  The 
tail  pipe  slides  in  the  barrel  with  a  cup  leather 
packing  at  the  rear.     The  space  between  the 


plunger  touches  the  inside  of  the  shell  as 
shown.  When  the  machine  is  in  operation 
the  oil  in  the  tail  pipe  passes  through  the 
small  hole  and  fills  the  space  below  the  plung- 
er. When  the  tail  pipe  and  cylinder  are 
drawn  back  to  insert  a  fresh  bit  the  plunger 
is  forced  inwards  when  it  strikes  the  beveled 
shoulder  and  enters  the  part  of  the  shell  which 
fits  the  tail  pipe.  This  forces  the  small 
amount  of  oil  in  the  space  below  the  plunger 
out  through  a  second  small  port  into  the  space 
immediately  behind  the  valve,  from  which  it  is 
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tail  pipe  and  the  barrel  being  filled  with  air  at 
the  working  pressure,  this  pressure  acts  against 
the  annular  surface  exposed  to  it  at  the  head 
of  the  power  cylinder,  driving  that  constantly 
forward  and  pressing  the  steel  bit  against  the 
rock.  The  drill  therefore  always  feeds  or 
drives  the  power  cylinder  forward  when  the 
pressure  is  on,  and  the  runner  has  nothing 
to  do  with  it  and  never  has  to  think  of  it. 

The  tail  pipe  is  fastened  to  the  rear  end  of 
the  power  cylinder  so  that  they  turn  or  move 
longitudinally  together.  The  power  cylinder 
has  a  front  head  and  to  this  in  turn  is  secured 
a  nose  or  end  piece  with  a  square  or  hex- 
agonal hole  into  which  the  end  of  the  steel 
bit  is  inserted.  The  rear  end  of  the  tail  piece 
has  a  ratchet  and  a  crank  which  is  turned 
usually  slowly  but  quite  constantly  while  the 
drill  is  in  operation,  this  turning  the  power 
cylinder  and  the  bit  in  the  rock.  The  use 
of  the  ratchet  compels  the  runner  if  he  turns 
the  crank  at  all  to  turn  the  cylinder  and  bit 
all  the  way  round  and  not  merely  move  it 
back  and  forth.  The  tail  pipe  serves  as  an 
oil  reservoir  and  the  oil  may  be  poured  in 
at  the  centre  of  the  crank  end.  A  little  plung- 
er is  shown  which  slides  in  a  side  hole  in  the 
solid  forward  end  of  the  tail  pipe.  There  is 
a  small  tail  or  stem  B  on  the  inner  end  of 
this  plunger,  and  a  spring  A  forces  the  stem 
and    plunger    outward    so    that    normally    the 


carried  along  by  the  air  to  lubricate  the  valve 
and  piston. 

When  drilling  "up"  holes  the  oil  will  not 
flow  into  the  space  below  the  plunger  and 
in  such  cases  the  oil  must  be  inserted  at 
intervals  through  the  bottom  oiler,  from  which 
point  it  is  carried  along  by  the  air  and  keeps 
every  working  part  oiled. 

The  forward  end  of  the  casing  is  made  a 
loose  sliding  fit  on  the  power  cylinder  while 
forwardly  directed  ports  permit  the  escape  of 
exhaust  air  from  the  forward  end  of  the 
casing  in  a  direction  which  prevents  mud 
thrown  out  of  the  hole  which  is  being  drilled 
from  flying  into  the  face  of  the  operator. 

The  adjustable  collar  C  may  be  tightened 
on  the  tail  pipe  at  any  point,  thus  forming 
a  stop,  after  which  the  tail  pipe  can  only  ad- 
vance until  the  collar  comes  in  contact  with 
the  gland  just  in  front  of  it.  This  is  chiefly 
used  to  keep  the  machine  back  when  chang- 
ing bits,  while  drilling  steep  down  holes  or 
when  transporting  the  machine  to  prevent 
sliding.  When  the  tail  pipe  is  drawn  clear 
back  the  machine  is,  of  course,  no  longer  over 
all  than  in  any  other  position. 

On  the  forward  end  of  the  machine  is 
mounted  a  swivel  water  ring,  to  which  is 
attached  a  hose  leading  from  a  water  supply 
with  a  slight  pressure.  Leather  packing  rings 
prevent    the    escape    of    water    from    the    sides 
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of  this  swivel  ring.  The  water  entering  the 
swivel  ring  from  the  attached  hose  passes 
through  holes  in  the  front  head  and  impact 
piece  and  thence  through  a  central  hole  ex- 
tending the  entire  length  of  the  drill  steel 
to  the  bottom  of  the  hole  in  the  rock.  The 
impact  piece  receives  the  blows  of  the  piston 
and  transmits  the  force  to  the  drill  steel. 
This  impact  piece  also  serves  to  keep  grit  out 
of  the  cylinder  when  the  machine  is  not  in 
use,  and  as  a  means  of  introducing  water  from 
the  swivel  to  the  central  hole  in  the  drill  steel. 
It  is  not  necessary  to  describe  in  detail  the 
valve  motion.  The  drill  belongs  to  the  family 
of  "pneumatic  tools,"  the  work  being  done  by 
the  rapid  blows  of  the  piston  upon  the  impact 
piece.  The  piston  always  starts  when  tne 
pressure  is  turned  on  and  it  continues  working 
as  long  as  the  pressure  is  maintained. 

CLAIMS     MADE    FOR    THE    DRILL. 

Besides  the  actual  results  in  work  done 
under  all  the  various  conditions  specified,  the 
drill  in  itself  completely  satisfies  the  require- 
ments. It  is  in  every  sense  a  one  man  drill. 
It  is  light,  so  that  one  man  can  easily  move 
it  and  place  it  in  every  position  required.  Jt 
is  simple  in  construction  and  operation  so 
that  an  unskilled  runner  can  do  with  it  almost 
as  much  work  as  the  most  skilled,  the  actual 
speed  of  drilling  being  entirely  independent 
of  outside  manipulation.  Setting  the  machine 
and  changing  the  steels  is  all  that  calls  for 
any  skill.  It  drills  equally  fast  on  up,  down 
or  flat  holes.  It  may  be  operated  in  any  stope 
which  is  wide  enough  to  permit  the  opera- 
tor to  get  around  in.  It  has  strength  and 
durability  due  to  the  fact  that  all  the  wearing 
surfaces  are  of  hardened  steel.  It  is  kept 
automatically  oiled.  Water  is  at  all  times 
delivered  to  the  bottom  of  the  hole,  keeping 
the  hole  clear  and  the  bits  free.  Most  im- 
portant of  all,  the  water  kills  the  dust,  and 
association  with  this  drill  cannot  produce 
Miner's  phthisis.  In  the  open  air  trials  not 
a  particle  of  dust  was  to  be  seen. 

The  trial  of  course  decided  only  the  one 
thing.  The  Gorden  drill,  as  a  one  man  drill, 
did  much  more  work  in  aggregate  depth  (if 
holes  drilled  then  any  other,  did  it  on  the 
surface  and  underground,  in  wet  holes  and 
in  dry  holes  and  at  both  of  the  working  press- 
ures employed.  As  to  the  wear  of  the  drill 
there  is  strong  presumption  of  its  easy  main- 


tenance, of  the  air  consumption  there  is  no 
evidence  and  of  the  range  of  work  to  which  the 
drill  may  be  adapted  there  may  be  different 
opinions,  but  where  it  was  tried  .and  as  it  was 
tried  it  was  a  great  success. 


BREATHING    HIGH     MOUNTAIN  AIR 

Experiements  which  have  been  conducted  in 
t'^e  Andes  to  determine  the  effects  of  the 
atmosphere  at  high  altitudes  upon  the  functions 
of  the  body  have  shown  that  at  heights  ap- 
proximating three  miles  the  air  pressure  is  so 
light  as  to  produce  incapacity  for  work,  pros- 
tration and  sometimes  death.  The  absolute 
air  pressure  being  only  about  60  per  cent,  of 
that  at  sea  level,  while  the  lungs  may  take 
in  the  normal  volume  of  air  for  inhalation 
the  actual  weight  of  the  inspired  air,  and 
therefore  of  the  oxygen  constituent  of  it,  is 
proportionately  reduced  and,  to  make  up  for 
the  deficiency,  both  the  respiration  and  the 
heart  action  are  automatically  accelerated, 
while  even  at  that  the  life  functions  are  not 
fully  sustained. 

Professor  Todd,  the  astronomer,  of  Amherst 
College,  who  is  conducting  experiments  in 
South  America,  ascended  a  mountain  in  the 
Andes  to  an  altitude  of  14,000  feet,  there  ex- 
periencing the  usual  change  of  respiration  and 
itc  accompaniments  due  to  the  diminished  air 
pressure.  While  in  this  condition  he  entered 
an  air  receiver  where  the  pressure  was  gradu- 
ally increased  to  that  corresponding  to  an 
altitude  of  1,000  feet  when  his  pulse  was 
reduced  from  104  to  91  and  his  breathing  and 
general  physical  condition  became  entirely  nor- 
mal. A  decompression  of  the  air  in  the  re- 
ceiver to  that  surrounding  it  was  made  in 
seventeen  minutes  so  that  no  serious  conse- 
quences resulted  from  the  experiment.  The 
experiment  is  looked  upon  as  important  as 
bearing  upon  the  treatment  of  diseases  pro- 
duced by  protracted  subjection  to  abnormal  air 
pressures. 


The  Pittsburg  Coal  Company  has  practic- 
ally decided  to  discontinue  the  use  of  black 
powder  in  the  fifty-four  mines  of  the  company. 
Dynamite,  or  an  explosive  similar  to  it,  will 
be  substituted.  It  is  claimed  that  black  powder 
makes  a  longer  and  hotter  flame  than  dyna- 
mite, and  in  •'blow-out"  shots  is  more  likely 
to    ignite    pocket    gas. 
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AUTOGENOUS  WELDING 

This  process  consists  of  heating  the  metal 
by  a  blow  pipe  using  oxygen  and  acetylene 
gas.  With  this  the  metal  is  heated  to  the 
melting  point  and  a  steel  rod  is  passed  along 
with  the  flames,  steel  melting  off  from  the 
red  and  flowing,  into  the  point  until  it  has 
been   filled. 

The  flame  is  largely  carbon  monoxide  but 
at  the  tip  where  the  heating  takes  place  it  is 
converted  into  carbon  dioxide.  This  gives 
a  flame  that  will  neither  carbonize  nor  oxidize 
the  metal.  In  lighting  the  blow-pipe,  the 
acetylene  is  first  turned  on  full,  then  the  oxy- 
gen is  added  until  the  flame  has  only  a  single 
cone  whose  apex  has  a  temperature  of  6300 
degrees  Fahrenheit.  Too  much  acetylene  pro- 
duces two  cones  and  a  white  color,  while  an 
excess  of  oxygen  is  shown  by  the  flame  as- 
suming a  violet  tint.  The  best  welding  results 
are  obtainable  with  1.7  volumes  of  oxygen 
to  one  of  acetylene. 

The  oxygen  for  the  process  is  obtained  by 
Using  a  special  generator  which  has  two  lead- 
lined  chambers  with  a  scrubber  and  settling 
chamber  between  them. 

In  one  chamebr  is  put  a  chemical  charge 
of  calcium  compound  and  copper  sulphate  and 
the  chamber  filled  with  lukewarm  water,  after 
which  the  solution  is  stirred. 

In  the  second  chamber  a  solution  of  iron 
sulphate  and  water  is  poured.  These  two  solu- 
tions produce  a  large  quantity  of  oxygen 
which  is  passed  through  the  scrubber  into  a 
receiving  tank.  The  oxygen  is  drawn  from 
this  tank  by  an  air  compressor  which  com- 
presses it  to  147  pounds  in  a  storage  tank, 
from  which  it  is  taken  through  copper  pipes 
to  the  point  required. 

The  acetylene  gas  is  manufactured  in  the 
ordinary  way  from  calcium  carbide,  and  used 
at  a  pressure  of  2  or  3  pounds. 

THE   WELDING   OPERATION. 

Through  a  system  of  piping,  the  flame  is 
easily  carried  to  the  work,  which  saves  the 
labor  of  moving  large  pieces  of  work  to  a 
forge  or  hammer  for  welding.  Pieces  one 
inch  thick  have  been  successfully  welded  with 
this  process,  but  its  best  application  is  in  weld- 
ing sheet  metal,  as  joints  of  great  length  can 
be  easily  welded.  In  fact  its  only  limit  is  the 
length  of  the  joint  and  the  time  needed,  and 
this  la;ter  can  be  carried  out  indefinitely. 

'  I       acetylene  welding  gives  its  best   results 


in  the  welding  of  steel,  but  cast  iron  is  being 
welded  successfully  as  well  as  copper,  brass 
and  bronze.  The  different  metals  can  also  be 
welded  together  as  is  shown  in  Fig.  1  in 
which  four  plates  were  butted  together  and 
welded. 

(  >ne  plate  was  steel,  as  shown  by  the  white 
square;  another  brass,  as  shown  by  the  darker 
square  in  the  diagonally  opposite  corner;  and 
the  two  very  dark  squares  were  copper  and 
bronze  respectively.  After  welding  these  they 
were  bent  and  broken  at  the  joints  to  see  if 
they  were  thoroughly  welded,  and  from  the 
appearance  of  the  fractures  they  would  indi- 
cate a  perfect  weld.  The  steel  welded  to  the 
copper  and  bronze  as  well  as  the  brass  did. 
( >wing  to  the  high  heat  of  the  flame,  however, 
the  lead  and  zinc  in  the  brass  and  bronze 
melted  out  leaving  holes  in  the  metal. 

Welds  of  90  per  cent,  efficiency  can  be  made 
with  careful  workmanship  and  the  cost  in 
wages  and  gas  for  welding  plates  ]/%  of  an 
inch  thick  is  about  2  cents  per  foot. 

A  variation  of  this  process  has  been  made 
which  cheapens  the  oxygen  so  that  it  can  be 
made  to  cover  a  wider  field  of  usefulness. 
This  is  the  discovery  of  an  oxygen  powder 
which  has  been  named  "epurite."  It  is  a 
substance  containing  oxygen  in  a  latent  state, 
and  a  form  susceptible  of  easy  liberation  on 
contact  with  water.  There  is  said  to  be  no 
danger  of  explosion  in  connection  with  this 
process  as  there  is  no  large  quantity  of  gas 
stored  in  tanks  under  high  pressure. 

Oxygen  and  hydrogen  are  also  being  used 
m  the  proportion  of  from  2  to  4  parts  hydro- 
gen to  1  of  oxygen,  and  the  hottest  part  of 
this  flame  is  about  ^  of  an  inch  from  the 
point    of   the   burner. 

Two  parts, hydrogen  to  one  of  oxygen  will 
give  a  flame  with  a  temperature  of  about  4350 
degrees  Fahrenheit,  but  if  a  flame  is  desired 
with  a  reducing  action  it  is  necessary  to  use 
4  parts  of  hydrogen  to  1  of  oxygen,  and  this 
will  have  a  temperature  of  about  3450  degrees 
Fahrenheit.  This  flame  will  melt  iron  and 
cause  it  to  weld  even  if  the  surfaces  are  not 
clean,   as   any   rust   present  will   be  reduced. 

This  lower  temperature  of  the  flame  is  really 
better  for  sheets  up  to  Y%  of  an  inch  thick, 
as  the  melting  of  the  metal  is  less  rapid  and 
less  explosive,  giving  a  welded  joint  that  is 
cleaner  and  with  fewer  scars  and  blisters. — 
American   Machinist. 
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THE    HUDSON-MANHATTAN 
TUNNELS 

In  our  April  issue  we  briefly  alluded,  edi- 
torially, to  New  York's  Compressed  Air  Har- 
vest, which  the  various  subfluvian  tunnels, 
fourteen  in  number,  now  completed  or  coming 
to  completion  so  nearly  together  may  properly 
be  characterized.  These  may  be  considered  a 
first  crop,  to  be  successively  followed  by  others 
under  the  stimulus  of  the  Metropolitan  life 
forces;  but  in  a  periodical  of  the  scope  and 
dimensions  of  Compressed  Air,  it  is  quite  im- 
possible to   speak   even   of  this  first  crop  as  a 


legal  and  financial  difficulties  paralyzed  the 
undertaking.  In  1902  the  New  York  &  New 
Jersey  Railroad  Company,  under  Mr.  McAdoo 
began  serious  work.  The  next  year  this  was 
merged  with  the  Hudson  &  Manhattan  Rail- 
road Company,  and  later  the  "Hudson  Com- 
panies" was  formed  to  conduct  the  construction 
and  real  estate  operations.  Harvey  Fisk  & 
Sons  have  successfully  financed  the  undertak- 
ing, and  it  is  estimated  that  when  the  entire 
work  is  completed  $70,000,000  will  have  been 
expended. 

A  little  study  of  the  accompanying  map  is 
necessary  to  a  clear  understanding  of  the  ram- 
ifications and  connections  of  this  special  sys- 
tem of  tunnels,  these  alone  being  shown.  The 
system  as  a  whole  may  be  considered  in  con- 
struction   as   consisting  of   four    sections,   only 


INNER   FACE    OF    SHIELD  — HU 

whole.  We.  therefore,  here  have  to  do  only 
with  the  Hudson-Manhattan,  or,  as  they  have 
come  to  be  popularly  known,  the  McAdoo 
tunnels. 

The  name  McAdoo  is  synonymous  with  suc- 
cess in  this  case.  A  third  of  a  century  ago 
DeYYitt  Clinton  asking  started  the  enterprise 
and  began  the  construction  of  a  brick  wall 
tunnel  from  both  sides  0f  t]le  rjVer.  There 
was  one   verv   serious   accident,   and   this   with 


DSCN   MANHATTAN  TUNN     LS. 

the  first  of  which  is  as  yet  open  to  the  pub- 
lic. This  is  the  twin  tube  extending  from  Ho- 
boken.  X.  J.,  near  the  D.,  L.  &  W.  terminal,  to 
Sixth  avenue.  New  York.  It  enters  Manhattan 
two  blocks  below  Christopher  street,  and  then 
passes  Up  through  the  shipping  district  in  Sixth 
avenue  to  Thirty-third  street,  near  the  front 
of  the  Pennsylvania  Railroad  station  now  un- 
der  construction. 

The  south  twin  tunnels,  which  may  be  cafled 
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the  second  section,  have  been  driven  entirely 
from  the  Jersey  side  of  the  river,  and  are  now 
completed  to  within  a  few  hundred  feet  of  the 
Xew  York  side.  At  Jersey  City  a  large  ter- 
minal station  has  been  hewn  out  of  the  solid 
rock,  eighty-five  feet  below  the  present  sta- 
tion of  the  Pennsylvania  Railroad.  The  tun- 
nel station  here  is  150  feet  long,  with  approach- 
es 1,000  feet  long,  and  great  elevators  reach- 
ing the  surface.  These  tunnels  enter  New 
York  between  Cortlandt  and  Fulton  streets, 
the  station  being  surmounted  by  two  of  the 
largest  and  most  magnificent  office  buildings 
in  the  city.  This  station  also  will  connect  with 
the  present  Subway  at  Broadway,  only  one 
block  to  the  east. 

The  third  section  is  a  land  tunnel  parallel 
with  the  Hudson,  connecting  the  Hoboken  ter- 
minal with  that  in  Jersey  City,  and  also  com- 
manding the  passenger  stations  of  four  trunk 
railroad  lines  which  are  now  entirely  dependent 
upon  ferry  service. 

The  fourth  section,  also  a  land  tunnel,  runs 
from  the  Jersey  City  terminal  under  the  Penn- 
sylvania station  toward  Newark.  This  tun- 
nel passes  under  the  most  crowded  portion  of 
Jersey  City,  coming  to  the  surface  at  the  out- 
skirts and  the  tunnel  trains  will  then  use  the 
Pennsylvania  tracks   to   Newark. 

It  will  be  noted  that  more  than  one  half  of 
this  entire  system  is  land  tunnel,  or,  in  Sixth 
avenue,  typical  subway,  involving  generally,  no 
unusual  difficulties ;  but  the  river  tunnel  work 
was  among  the  most  serious  engineering  ever 
undertaken  and  carried  to  success.  On  both 
the  subterranean  and  the  subaqeous  work, 
compressed  air  was,  of  course,  the  great  reli- 
ance. 

When  the  work  was  taken  up  anew  by  Mr. 
McAdoo,  Mr.  Charles  M.  Jacobs  became  chief 
engineer,  assisted  by  Mr.  J.  Vipond  Davis.  The 
north  tunnel  had  then  been  driven  3,800  feet 
from  the  New  Jersey  end.  The  shield  which 
had  been  previously  used  in  the  work  was  con- 
tinued, but  with  necessary  changes,  as  it  was 
then  approaching  a  spur  of  rock  which  would 
make  it  necessary  to  drill  and  blast  in  advance 
of  the  shield.  A  heavy  apron  was  added 
which  extended  6  feet  in  advance  of  the  shield, 
and  under  its  protection  the  men  were  able 
to  work  and  cut  the  rock.  This  work  was  done 
under  an  air  pressure  of  33  pounds,  there  be- 
ing 14  feet  of  silt  and  65  feet  of  water  above. 
At   times   when   blows  occurred  the  river  bed 


was    blanketed    with    clay    before    operations 
could  be  continued. 

In  beginning  the  south  tunnel,  the  other 
twin,  changes  were  made  in  the  tunnel  de- 
sign, and  in  the  mode  of  procedure.  The  size 
was  reduced  to  a  diameter  of  15  feet  3  inches 
in  the  clear.  The  cast  plates  bolted  together 
insured  the  true  circular  section,  and  the  shield 
could  be  manipulated  to  follow  the  exact 
alignment.  An  hydraulic  erector  was  carried 
by  the  shield  for  placing  the  plates  in  posi- 
tion. 

The  shield  was  forced  forward  by  16  hy- 
draulic rams  with  a  total  pressure  of  2,500 
tons.  It  was  found  that  the  shield  could  be 
thus  forced  forward,  displacing  the  silt,  with- 
out requiring  any  excavation.  The  cost  of  con- 
struction in  consequence  of  this  became  much 
less  than  ever  before  attained  in  this  class  of 
work.  By  the  original  method  5  feet  in  24 
hours  was  considered  excellent  progress,  while 
with  the  new  method  a  record  of  72  feet  in  24 
hours  was  made  in  one  of  the  Cortlandt  street 
tunnels. 

Some  interesting  details  of  this  undertaking 
are  given  in  the  words  of  Mr.  Jacobs  him 
self  in  the  article  which  immediately  follows 
this.  In  the  North  tunnels  trains  a*re  now  run- 
ning regularly,  carrying  many  passengers,  with 
every  indication  that  when  the  system  is  com- 
pleted, and  the  anticipated  connections  are 
made  with  existing  lines,  it  will  be  at  once 
and  continuously  crowded  to  its  full  capacity, 
and  the  people  will  be  clamoring  for  more. 

The  latest  improvements  have  been  incor- 
porated in  the  new  equipment.  The  cars  are 
of  steel,  fire  proof,  have  large  sliding  doors  at 
the  middle  as  well  as  at  the  ends,  and  the  ter- 
minal station  platforms  are  arranged  for  pas- 
sengers to  be  entering  and  leaving  the  cars  at 
the  same  time.  The  doors  of  the  cars  are  op- 
erated by  compressed  air,  and  no  signal  bells 
are  used.  The  automatic  adjustment  is  such 
that  not  until  the  last  door  in  the  train  is  se- 
curely closed  is  it  possible  to  give  the  electric 
flash  signal  to  the  motorman  to  start  the  train. 
There  is  a  triple  set  of  automatic  devices  for 
stopping  the  train.  The  ventilation  of  the  tun- 
nels takes  care  of  itself  in  the  most  satisfac- 
tory manner.  The  trains  in  each  tunnel  run 
constantly  in  one  direction,  each  train  acts  as 
a  piston,  forcing  the  air  ahead  of  it  with  a 
fresh  supply  of  air  from  the  outside  rushing  in 
to  take  the  place  of  the  air  expelled. 
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THE  TERMINAL  BUILDINGS. 

The  buildings  which  surmount  the  Cortlandt 
street  terminal,  extending  from  Cortlandt  to 
Fulton  streets,  with  Dey  street  between  them, 
are  in  themselves  another  triumph  of  modern 
engineering.  In  business  hours  10,000  per- 
son- will  find  constant  occupation  in  them,  and 
in  the  station  below  in  the  rush  hours  it  will  be 
possible  to  dispose  of  1,000  passengers  per 
minute.  Before  the  superstructure  could  be  be- 
gun an  immense  cofferdam  inclosing  the  en- 
tire space  of  two  city  blocks,  420  by  192  feet, 
had  to  be  sunk  under  air  pressure  to  the  depth 
of  from  seventy-five  to  ninety-eight  feet  below 
the  surface,  and  the  concrete  foundations  of  all 
rest  upon  solid  ruck,  none  of  the  surrounding 
structures  nor  tile  traffic  on  the  intervening 
and  adjacent  streets  being  stopped. 

THE   AIR   COMPRESSORS. 

It  is  interesting  to  note  that  tbe  original  In- 
gersoll  air  compressor  installed  at  the  Hoboken 
end  of  the  first  tunnel  in  1880  was  continued 
in  service  until  the  completion  of  the  tunnels. 
This  compressor  was  overhauled  in  1890.  and 
is  rated  as  an  Ingersoll,  Class  "A,"  with  cyl- 
inders 20  and  20V4  by  30  inch  stroke,  free  air 
capacity.  1,098  cu.  ft.  per  minute,  the  other 
compressors  comprising  the  plants  of  the  three 
power  houses  responsible  for  the  tunnel  work 
of  the  Hudson  Companies,  all  belong  to  the 
same  family.  Besides  the  compressor  men- 
tioned, the  Hoboken  plant  included  two  Class 
"  \"  compressors,  22  and  26%  by  24  inch  stroke, 
free  air  capacity,  3,686  cu.  ft.  per  minute,  and 
one  duplex  Class  "H"  machine.  16  and  20^4  by 
16  inch  stroke,  free  air  capacity,  2,178  cu.  ft. 
per  minute. 

The  Morton  street  plant  at  the  Manhattan 
end  of  the  same  tunnels,  comprised  one  duplex 
Road  compressor,  22  and  22  by  24  inch  stroke. 
free  air  capacity  2,640  cu.  ft.  per  min.,  one  In- 
gersoll Class  "A"  22  and  22J4  by  24,  free  air 
capacity  1.320  cu.  ft.  per  min.,  one  20  and  22^4" 
by  24.  free  air  1,320,  and  one  16  and  16%  by 
18,  free  air,  698. 

At  the  Jersey  City  plant  opposite  Cortlandt 
street  the  compressors  were  three  Ingersoll, 
Class  H  C,  cross  compound  steam,  two  stage 
air  compressors  for  high  pressure  air,  and 
three  Ingersoll,  Class  H,  cross  compound  steam 
and  duplex,  single  stage  air  for  the  low  press- 
ure air.  The  former  were  14  and  28  inch 
steam  and  24T4  and  14^4  air,  by  16  inch  stroke. 


free  air  capacity  4.710  cu.  ft.  per  min.,  and  the 
latter  of  the  same  steam  cylinder  dimensions 
with  air  cylinders  2254  by  16  inch  stroke,  free 
air  capacity  7,920  cu.   ft.  per  min. 

Supreme  above  all  else  in  the  complete  ulti- 
mate success  was  of  course  the  personnel. 
William  G.  McAdoo,  a  Tennessee  lawyer,  took 
up  the  project  when  it  had  twice  failed  and 
was  by  many  regarded  as  a  hopeless  proposi- 
tion. The  discerning  public  permanently  at- 
taches his  name  as  the  familiar  designation  of 
what  is  now  one  of  the  City's  permanent  agen- 
cies of  life  and  growth.  Then  there  are  others: 
Walter  G.  Oakman,  president  of  the  Hudson 
Companies;  Pliny  Fiske  and  William  H.  Bar- 
num,  financiers  and  bankers;  Charles  M. 
Jacobs,  the  alert,  resourceful,  experienced  en- 
gineer, who  is  also  consulting  expert  for  the 
Pennsylvania  tunnels;  J.  Vipond  Davie-,  the 
partner  and  deputy  of  Mr.  Jacobs,  who  has 
given  more  concentrated  and  continuous  atten- 
tion to  the  work  in  detail;  L.  B.  Stillwell  and 
Hugh  Hazelton,  electrical  engineers;  J.  Van 
Vleck,  mechanical  engineer  and  Kenyan  B. 
Conger  whose  responsibilities  have  had  to  do 
with  the  great  terminal  buildings. 

The  supreme  continuous  function  of  the  sys- 
tem will  be  the  conveyance  of  breadwinners 
of  the  Metropolis  to  and  from  their  homes 
distributed  over  many  miles  and  through  the 
countless  cities  and  towns  of  New  Jersey,  and 
it  i-  not  easy  to  say  whether  New  York  or 
New  Jersey  will  be  the  most  benefited.  As  to 
the  enormous  traffic  secured  it  is  only  neces- 
sary to  remember  that  perhaps  three  quarters 
of  the  passengers  carried  will  be  those  who 
will  each  individually  make  over  600  trips  per 
year. 


TUNNEL  ENGINEERING   DIFFICUL- 
TIES AND   EXPEDIENTS 

The  slight  account  in  our  April  issue  of  the 
work  of  building  the  East  River  gas  tunnel, 
fifteen  years  ago,  bore  testimony  above  every- 
thing else  to  the  ready  resourcefulness  and 
constant  push  of  Charles  M.  Jacobs,  the  en- 
gineer of  that  work.  These  characteristics  are 
equally  prominent  in  the  following  taken  from 
a  recent  address  by  Mr.  Jacobs,  now  chief 
engineer  of  the  Hudson  and  Manhattan  tun- 
nels, before  the  Yale  Club  of  New  York. 

IMPATIENCE     MAKES     WORK. 

At  the  beginning  of  the  work  on  the  south 


COMPRESSED  AIR. 


4859 


tube  of  the  uptown  tunnel,  the  shield  from 
the  Hoboken  side  was  being  advanced  through 
the  silt  with  the  shield  doors  closed  so  as 
to  save  the  cost  of  excavation.  While  the 
heading  was  still  under  the  Lackawanna  coal 
dock  the  night  superintendent,  thinking  that 
the  shield  was  moving  very  slowly,  determined, 
contrary  to  orders,  to  open  one  of  the  center 
doors  so  as  to  let  the  mud  come  in  and  so 
let  .the  shield  go  ahead  faster.  The  silt  shot 
in  under  such  pressure  that  it  buried  some  of 
the  men  before  they  could  escape ;  the  rest  of 
the  shift  got  away  through  the  upper  emer- 
gency lock  which  was  then  115  ft.  from  the 
shield  face.  The  heading  was  lost  and,  the 
tunnel  between  the  shield  and  the  lock  being 
filled  solid  with  mud,  there  was  no  space  for 
air  pressure  in  which  men  could  be  put  to 
work  digging  out  the  mud.  The  coal  dock 
was  crowded  with  shipping  and,  furthermore, 
the  Lackawanna  at  that  time  was  not  particu- 
larly favorable  to  the  tunnel  enterprise,  so  it 
would  have  been  almost  impossible  to  get  per- 
mission to  dredge  out  the  bed  of  the  river  in 
front  of  the  shield  so  that  a  diver  could  go 
down  and  timber  up  the  exterior  opening  to 
the  doorway.  The  problem  was  solved  as  fol- 
lows :  Two  heavy  mainsails  ( one  being  an 
old  one  of  the  cup  defender  Reliance  )  were  pro- 
cured and  a  double  canvas  cover,  about  60  ft. 
by  40  ft.  made  of  them.  Around  the  edges 
were  secured  small  weights  of  pig  iron.  The 
canvas  was  spread  on  a  flat  barge  and  lines 
carried  to  fixed  points  to  hold  the  mainsail  in 
the  position ;  the  barge  was  withdrawn  ana 
the  mainsail  allowed  to  drop  to  the  bed  of  the 
river,  30  ft.  of  it  covering  the  shield  and  the 
remaining  30  ft.  extending  out  beyond  the  face 
toward  the  middle  of  the  river.  One  of  the 
pipe  valves  in  the  lock  was  then  opened  and 
the  mud,  under  the  direct  pressure  of  the 
river,  shot  into  the  tunnel  westward  of  the 
lock  for  40  ft.  It  came  in  a  solid  stream  for 
eight  days  and  nights.  Finally  it  let  up  for 
a  few  minutes,  began  again  and  then  stopped. 
A  cavity  had  formed  in  the  bed  of  the  river 
outside  the  cutting  edge  of  the  shield  until 
the  canvas  dropped  with  the  cavity  and  was 
eventually  drawn  into  the  opening  of  the  door- 
way through  which  the  mud  was  pouring.  A 
small  cavity  was  excavated  in  the  mudfilled 
tube  ahead  of  the  lock  and  the  air  pressure 
being  put  on,  it  immediately  relieved  much 
of  the   strain   on  the   temporary  canvas  cover. 


Miners  were  then  able  to  get  into  the  tunnel 
and  dig  out  the  mud.  In  about  nine  days  the 
heading  was  recovered  and  the  door  on  the 
inside  closed. 

AX    EMERGENCY   ANTICIPATED. 

The  north  tube  is  an  extension  of  an  old 
tunnel  abandoned  some  years  ago.  Within 
100  ft.  from  the  point  where  the  shield  stopped 
in  the  previous  attempt,  was  a  reef  of  rock, 
standing  from  1  to  16  ft.  above  the  intended 
grade  of  the  tunnel.  Before  the  shield  arrived 
at  this  point,  it  was  necessary  to  build  a  tem- 
porary workshop  in  the  river  ahead  of  the 
shield,  so  as  to  build  on  the  front  of  it  a 
steel  apron  under  which  men  could  work 
in  drilling  the  rock  and  blasting  it  out  of  the 
path  of  the  shield.  Above  the  rock  was  soft 
silt  and,  above  that,  from  60  to  65  ft.  of  water. 
It  was  expected  that,  in  blasting  the  rock  with 
so  slight  a  cover  and  with  such  heavy  water 
pressure,  the  heading  would  probably  be  blown 
out.  Clay  loaded  on  barges  was,  therefore, 
always  held  in  readiness  to  be  dumped  into 
any  such  blowout.  After  a  few  weeks  the  ex- 
pected blowout  occured  and  the  900  ft.  of  tun- 
nel from  lock  to  heading  was  flooded.  The 
men  at  work  escaped.  The  clay  scows  were 
immediately  brought  over  the  blowout  and 
dumped,  thus  blocking  the  hole.  The  water 
was  pumped  out  into  the  western  workings, 
and  within  ji  hours  men  were  able  to  reach 
the  heading  on  a  small  raft.  No  damage  was 
found  and  work  was  soon  under  way  again. 
In  all,  only  21  hours  time  were  lost.  There 
were  two  more  blowouts  while  the  tunnel  was 
being  built  across  the  700  ft.  of  reef,  and  in 
each  case  they  were  similarly  dealt  with. 

MAKING   BRICKS    UNDER    WATER. 

Finally,  however,  there  arose  a  problem 
which  could  not  be  dealt  with  by  dropping 
these  clay  blankets.  At  the  extreme  eastern 
end  of  the  reef  the  rock  rises  about  16  ft. 
above  the  bottom  of  the  cutting  edge  of  the 
shield.  The  tunnel  at  this  point  is  so  near 
the  bottom  of  the  river  that  the  clay  was 
almost  fluid  and  continually  slipped  into  the 
pockets  of  the  shield,  so  that  the  men  could 
not  get  out  underneath  the  apron  to  drill  the 
rock.  Scow  after  scow  was  dumped,  but  the 
clay  would  not  hold.  Finally  blow  pipe  flames, 
fed  from  two  tanks  of  kerosene,  were  directed 
against  the  exposed  clay  until  it  was  indurated. 
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so  as  to  bold  its  position  while  the  men  drilled 
the  rock.  The  blow  pipe  process  took  eight 
hours,  during  which  time  streams  of  water 
were  continually  played  on  the  shield  structure 
to  prevent  its  being  damaged  by  the  high 
temperature.  This  is  probably  the  first  time 
that  man  has  made  brick  in  the  bed  of  a  river. 

REINFORCED     CONCRETE     CAISSONS. 

There  was  a  serious  problem  on  the  New 
Jersey  side  in  regard  to  the  transverse  tunnel 
running  from  the  river  tubes  north  to  the 
Lackawanna  terminal  and  south  to  the  Erie 
and  Pennsylvania  terminals,  and  thence  to  the 
downtown  tunnel  of  the  Hudson  &  Manhattan. 
The  problem  was  to  eliminate,  as  far  as.  prac- 
ticable, all  crossings  of  the  tubes  at  grade  and 
still  give  each  track  a  connection  with  all  the 
terminals  mentioned.  The  south  tube  of  the 
uptown  tunnel  was,  accordingly,  carried  under 
the  north  .tube  at  the  Fifteenth  street  shaft, 
Jersey  City.  About  200  ft.  west  of  this  shaft 
a  reinforced  concrete  caisson  (known  as  cais- 
son No.  1  )  was  sunk  from  the  surface ;  the 
caisson  is  a  two-story  structure,  carrying  two 
tracks  on  each  level.  The  south  tube  enters 
on  the  lower  level,  and  trains  are  switched 
in  the  caisson  to  the  north  or  to  the  south. 
The  north  tube  comes  on  the  upper  level,  and 
branches  similarly  north  and  south.  The  cais- 
son is  105  ft.  long,  23  ft.  wide  at  the  easterly 
end,  and  46  ft.  wide  at  the  westerly  end ;  it 
is  51  ft.  high,  is  sunk  83  ft.  below  tide  level, 
and  the  total  weight  is  about  10,000  tons. 
There  is  a  similar  caisson  (No.  2)  about  700 
ft.  west  of  the  first  one.  In  caisson  No.  2 
trains  from  Hoboken  may  be  switched  over 
to  New  York  or  to  the  Erie  and  Pennsylvania 
stations  in  Jersey  City.  Caisson  No.  3  is  south 
of  caisson  No.  2,  the  three  caissons  making  a 
triangle.  In  caisson  No.  3  trains  from  the  Erie 
and  Pennsylvania  stations  are  switched  either 
to  Hoboken  or  to  New  York.  It  was  origin- 
ally intended  to  use  steel  caissons,  but  the  high 
cost  of  steel  and  uncertainty  as  to  the  delivery 
of  materjal  resulted  in  the  decision  to  make 
them  reinforced  concrete  with  steel  cutting 
edges,  being  the  first  of  their  kind.  They  were 
sunk  to  position  and  the  shields  then  run  into 
them,  making  in  a  unique  way  underground 
switch  yards,  and  saving  a  large  amount  in 
cost  and  in  time,  the  latter  being  of  the  utmost 
importance.  It  would  propabably  have  taken 
about   nine   months   and   cost  $75,000   to  make 


one  steel  caisson.     All  the  caissons  were  sunk 
under  air  pressure. 

GREATEST   DIFFICULTIES    NOT   APPARENT. 

Perhaps  the  greatest,  though  not  the  most 
spectacular,  feat  in  all  the  construction  thus 
far  completed  was  the  building  of  the  tunnels 
at  tlie  intersection  of  Christopher  Street,  Ninth 
street  and  Sixth  avenue,  in  Manhattan.  From 
this  point  two  tunnels  go  east  under  Ninth 
street  and  two  north  up  Sixth  avenue.  Here 
there  was  the  elevated  railroad  overhead,  the 
Metropolitan  Street  Railway  lines  on  the  street 
Mir  face,  and  buildings  on  each  side  of  the 
street.  It  was  a  problem  similar  to  the  inter- 
sections in  Hoboken,  just  described,  but  in  this 
case,  of  course,  sinking  a  caisson  was  out  of 
tlie  question.  To  accomodate  the  two  tubes 
coming  up  from  the  south  and  the  four  diverg- 
ing to  the  east  and  north  it  was  necessary  to 
build  an  arch  whose  maximum  width  was  fig 
ft.  The  work  was  all  in  running  sand  and  was 
done  under  air  pressure.  Two  iron-lined  tun- 
nels were  run  through  this  intersection  first, 
and  the  side-walls  then  built  in.  Openings 
were  then  made  at  the  tops  of  the  tunnels  and 
timbering  for  strutting  was  carried  up  so  that 
sufficiently  heavy  false  work  could  be  put  in 
for  springing  the  arch.  After  the  arch  was 
completed  the  two  temporary  tunnels  were 
taken  out.  This  work  required  the  greatest 
ingenuity  and  care  for  at  least  eight  weeks. 
Any  accident  to  the  timbering,  any  loss  of  the 
necessary  air  pressure,  or  any  carelessness  of 
the  men,  would  have  undoubtedly  caused  a  cave- 
in,  and  the  elevated  structure  and  the  surface 
lines,  together  with  the  streets  and  the  build- 
ings on  each  side,  would  have  fallen  into  the 
excavation.  Every  square  inch  of  the  treacher- 
ous ground  had  to  be  protected  by  wooden 
sheathing  the  moment  it  was  exposed,  other- 
wise the  vibration  of  the  passing  trains  above 
would  start  the  sand  running.  This  part  of 
the  work  was  the  last  of  the  excavation  neces- 
sary for  opening  the  railroad  to  traffic,  and 
although  it  was  early  in  last  December  when 
the  spring  of  this  large  arch  was  under  way, 
it  was  finished  so  that  trains  could  be  operated 
on  February  10,  1908. 


It  is  proposed  that  the  word  "kelvin"  be  laid 
before  the  International  Standardization  Com- 
mission as  the  kilowatt-hour  unit,  thus  honor- 
ing the  memory  of  the  late  Lord  Kelvin  and 
giving  a  short  expression  for  the  kilowatt-hour. 
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RIGHTING  AN  OVERTURNED 
CAISSON 

In  Chesapeake  Bay,  two  miles  off  the  mouth 
of  the  Magothy  River,  at  the  entrance  of  the 
main  ship  channel  to  the  City  of  Baltimore, 
there  now  stands  the  completed  foundation 
for  a  large  lighthouse.  The  erection  of  the 
superstructure  is  merely  a  matter  of  time  and 
involves  no  difficulties  or  unforseeahle  con- 
tingencies, but  the  story  of  the  foundation  is 
one  which  cannot  fail  to  interest  the  engineer, 
and  even  the  general  reader,  inasmuch  as  the 
progress  of  the  work  involved  a  serious  ca- 
tastrophe the  consequences  of  which  were 
corrected  by  ingenious  and  unusual  engineer- 
ing arrangements.  The  account  which  follows 
is  abstracted  from  the  narrative  of  Mr.  H.  P. 
Kieffer. 

Fig.  1  is  a  vertical  section  of  the  founda- 
tion as  completed.  The  lower  part  of  the 
base  consists  of  a  square  wooden  caisson 
measuring  48  ft.  on  a  side  at  the  bottom,  46 
ft.  on  top  and  21  ft.  high,  having  the  usual 
working  chamber  and  air  and  dredging  shafts. 
This  caisson  carries  a  cast  iron  outer  cylinder, 
45  ft.  in  diameter  for  the  lower  five  courses, 
then  rising  in  a  conical  shape  for  four  courses, 
and  then  rising  for  three  courses  with  a  uni- 
form diameter  of  30  ft.  to  a  trumpet-shaped  top. 
The  total  height  of  the  cylinder  is  82  ft.  3 
in.,  and  the  total  height  of  the  whole  founda- 
tion pier  is   103  ft.  3  in. 

Work  on  the  caisson  was  started  in  the 
spring  of  1904,  but  on  account  of  various  de- 
lays it  was  not  ready  for  launching  until  the 
middle  of  summer.  During  the  launching  the 
cai  son  ran  off  the  ways  and  grounded  in  the 
mud.  A  dredge  was  brought  into  service  and 
the  mud  was  dredged  away  from  the  front  of 
the  caisson.  The  Baltimore  ice  boat  and  a 
number  of  powerful  tugs  were  then  attached 
to  it  and  succeeded  in  getting  it  afloat.  Two 
rings  of  flanged  cast  iron  plates,  each  ring 
45  ft.  in  diameter  and  6  ft.  3  in.  high,  were 
bolted  to  it  and  the  caisson  was  towed  to  the 
site. 

The  structure  had  to  be  sunk  through  55 
ft.  of  mud,  a  4- ft.  stratum  of  coarse  sand  and 
finally  into  about  2  ft.  of  fine  sand,  in  which 
it  was  expected  to  come  to  rest.  When  the 
caisson  arrived  on  the  site  on  September  19, 
1904,  the  contractors  immediately  began  to  fill 
the  rings  with  concrete.  Two  more  rings 
were  added,  making  the  cast-iron   cylinder  25 


ft.  high.  The  water  at  the  site  of  the  light- 
house was  24  ft.  deep  and  the  caisson  with 
the  two  rings  on  top  drew  about  23  ft.,  and 
was  floating  with  the  cutting  edge  just  above 
the  mud.  This  mud  was  so  soft  that  a  pile 
stood  on  its  end  sank  15  ft.  into  it  of  its  own 
weight.  It  was  the  intention  of  the  con- 
tractors to  load  the  rings  with  concrete  until 
the    weight    should   cause   the   caisson   to   sink 
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FIG.  1— VERTICAL  SECTH'N   OP  FOUNDATION. 

through  the  soft  mud  to  the  harder  stratum 
below,  after  which  it  was  intended  to  put  on 
the  air  and  sink  the  caisson  by  the  ordinary 
pneumatic  process. 

For  the  purpose  of  carrying  on  the  work 
the  contractors  provided  three  barges  about 
200  ft.  long,  one  of  which  was  an  old  bark 
with  all  three  masts  in  place  and  the  others 
were  old  ferry  boats.  These  barges  provided 
quarters   for   a   crew   of   about    150  men,   and 
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one  of  them  was  fitted  with  three  boilers,  two 
air  compressors  and  other  appliances  neces- 
sary. 

Owing  to  had  workmanship,  the  deck  of  the 
caisson  leaked  to  the  extent  of  about  a  two 
inch  stream,  and  as  the  specifications  required 
that  the  concrete  should  be  laid  in  the  dry, 
the  leak  and  necessity  of  working  in  dry  sec- 
tions caused  more  delay.  Finally  concreting 
was  started,  and  a  layer  about  one  foot  thick 
was  placed  over  the  whole  deck.  The  space 
inside  the  two  lower  rings  was  divided  into 
three  parts  by  two  water-tight  bulkheads  12 
ft.  high,  running  about  north  and  south,   after 


son  with  a  few  anchors  and  attaching  to  it 
the  three  large  and  clumsy  barges,  all  of 
which,  including  the  caisson,  bobbed  and  wab- 
bled around  with  the  waves,  a  half  dozen 
dolphins  of  heavy  piles  had  been  driven,  and 
the  caisson  and  barges  had  been  properly 
moored  to  these,  it  is  probable  that  the  whole 
equipment  would  have  ridden  out  the  gale  of 
October  i_>.  although  the  overloading  of  one 
side  of  a  structure  whose  center  of  gravity 
was  necessarily  high,  was  a  fatal  error. 

The  winter  and  spring  of  1905  wa>s  wasted 
in  discussions  between  the  receiver  and  the 
creditors   over    ways    and   means   to   raise   the 
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the  caisson  was  anchored  in  position.  Con- 
crete was  placed  alternately  in  each  of  the 
outside  pockets. 

When  the  concrete  in  the  east  pocket  was 
4  ft.  9  in.  above  the  deck,  that  in  the  west 
pocket  was  2  ft.  or  more  below,  and  the 
whole  structure  took  a  list  to  the  east,  and 
more  concrete  was  rapidly  thrown  into  the 
west  pocket,  until  it  reached  the  height  of 
13  ft.,  when  the  top  of  the  structure  began 
to  move  to  the  west. 

This  point  was  reached  on  the  morning  of 
October  12,  when  a  gale  came  on  from  the  north- 
east, in  which  direction  the  site  is  exposed  to 
the  whole  sweep  of  Chesapeake  Bay,  and  be- 
fore night  the  caisson  lay  with  one  side  46  ft. 
below  the  surface  of  the  bay,  and  the  other 
just  awash,  while  the  contractors'  boats  were 
blown  ashore,  and  lay  among  the  breakers. 
two  miles  to  leeward.  Fig.  2  shows  succes- 
sive positions  of  the  caisson. 

'I  he  next  day  the  contractors  made  an  as- 
signment. They  claimed  to  have  expended 
up  to  this  time  about  $70,000.  much  of  which. 
however,  was  for  plant  and  equipment.  The 
loss  of  the  caisson  was  caused  wholly  by  bad 
judgment,  and  entire  lack  of  the  most  ordinary 
precautions.      If,   instead   of   mooring   the   cais- 
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SUCCESSIVE   POSITIONS  OF  OVERTURNING   CAISSON. 

caisson  and  complete  the  work.  Contractors, 
engineers,  wreckers  and  experts  of  all  kinds 
were  brought  in,  all  to  no  purpose;  and  finally 
in  June  1905,  the  Goverment  declared  the  con- 
tract in  default,  and  called  on  the  United 
States  Fidelity  &  Guaranty  Company,  surety 
on  the  contractor's  bond,  to  complete  the  work. 

In  August  1905.  a  subcontract  was  entered 
into  between  the  surety  company  and  a  New 
York  contractor,  who  after  working  the  rest 
of  the  season,  and  taking  off  some  of  the  iron 
plates,  but  accomplishing  nothing  of  real  value, 
was  ordered  off  the  work  by  the  Goverment, 
and  in  the  spring  of  1906  the  work  was  taken 
up    by    the    surety    company,    under    the    plans 

After  a  careful  study  of  the  problem,  it  was 
decided  that  the  best  way  to  right  the  over- 
turned structure  was  to  construct  a  tower 
and  direction  of  Mr.  Chas.  F.  Wood. 
or  derrick  on  the  caisson,  and  suspend  thereon 
enough  lead  to  shift  the  center  of  gravity  to 
a  point  near  the  toe  or  cutting  edge  of  the 
caisson,  and  then  apply  sufficient  force  through 
hoisting  engines  and  derricks  to  revolve  the 
structure  through  a  quarter  turn. 

In  order  to  insure  stable  working  conditions, 
and  eliminate  the  chance  of  disaster  at  a 
critical    moment,    a    wharf.    Fig.    3,    was    con- 
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structed  around  three  sides  of  the  caisson. 
7?  to  80-ft.  piles  being  used  in  this  structure. 
On  this  wharf  were  installed  the  boilers,  en- 
gines, compressors  and  other  plant,  and  equip- 
ment, including  two  25-ton  derricks,  and  the 
houses  for  the  protection  of  the  machinery  and 
men.  To  secure  fresh  water  for  the  boilers 
and  other  purposes,  a  6  in.  artesian  well  was 
driven  into  the  bottom  of  the  bay.  about  1S4 
feet  below  high  water,  at  which  depth  a 
stream  was  tapped  under  a  head  of  about  6 
ft.,  which  overflowed  the  pipe  into  the  bay, 
like  a  fountain.  This  well  furnished  practic- 
ally all  the  water  used  on  the  work,  and  at  the 
time  of  greatest  activity  supplies  nearly  30,000 
gallons  per  day.  The  water  from  the  well 
being  somewhat  impregnated  with  sulphate  of 
iron,  during  the  latter  stages  of  the  work,  a 
homemade  iron  pipe  condenser  was  used  to 
supply  water  for  drinking  and  cooking  pur- 
poses. The  value  of  the  well  can  be  gathered 
from  an  experience  in  bringing  down  one 
scow  load  of  water,  which  cost  $2.50  at  Balti- 
more, but  which  for  towing  and  other  charges 
represented  a  cost  of  $69  when  delivered  on 
the  work,  and  was  used  in  one  day. 

A  very  interesting  feature  of  the  well  driv- 
ing operation  was  the  bringing  up,  from  about 
160  ft.  below  the  surface,  the  water  washed 
sand  and  gravel  of  an  old  beach.  Along  with 
the  sand  and  other  debris,  came  many  pieces 
of  wood,  worn  smooth  by  the  action  of 
waves,  and  showing  the  borings  and  re- 
mains of  sea  insects.  The  color  and 
texture  of  this  wood  was  almost  that  of 
ebony,  but  the  grain  of  the  wood  was 
that  of  pine  and  it  cut  with  a  knife  almost 
like  charcoal.  Evidently  it  was  the  remains 
of  a  past  geological  era,  when  the  beach  of 
the  Atlantic  was  near  the  western  shore  of 
Chesapeake  Bay,  and  before  there  was  such 
land  as  the  peninsula  of  Delaware,  eastern 
Maryland  and  Virginia. 

The  first  operation  on  the  caisson  was  to 
replace  with  divers  some  of  the  plates  re- 
moved by  the  sub-contractor  above  referred 
to,  the  second  and  third  rings,  which  had  been 
partially  taken  off,  being  re-completed.  The 
tower  was  built  on  the  side  of  the  caisson 
seven  lengths  of  2-in.  plow  steel  cable  was 
drawn  under  and  around  the  rings  and  both 
ends  of  each  carried  over  the  top  of  the  tower 
and  to  the  end  of  the  boom.  One  hundred 
and    twenty    tons    of    pig    lead    was    bunched 


into  ten  weights  of  twelve  tons.  "I"  beams 
were  slipped  through  three  of  the  dredging 
shafts,  and  by  means  of  saddles  given  a  bear- 
ing on  the  upper  side  at  the  deck  of  the  cais- 
son, and  on  the  lower  side  at  the  roof  of  the 
working  chamber.  One  12-ton  weight  was 
hung  on  the  center  spud,  and  one  of  the  large 
derricks  above  referred  to  was  attached  to 
each  of  the  side  spuds.  Four-part  lines  reeved 
through  double  blocks  were  carried  to  the 
front,    rear,    and    side    from    the    top  'of    the 


FIG.  III.-  OVERTURNED    CAISSON     WITH    WHAHF   BUILT 
AKOUND   IT. 

tower  on  each  side  and  the  leads  taken  to  the 
six  drums  of  three  double  drum  engines.  A 
trench  was  pumped  in  the  mud  all  around  the 
caisson  down  to  the  lower  edge,  and  the  mud 
was  partially  removed  from  in  front  of  the 
caisson. 

In  addition  to  the  force  applied  directly  to 
the  caisson  itself  through  the  spuds  above 
described,  extra  precautions  to  prevent  the 
iron  rings  and  concrete  pulling  away  from  the 
woodwork  at  the  lower  side,  by  reason  of  an 
unequal  pull  on  the  iron  and  wood,  was  taken 
by  tying  the  rings  and  caisson  together  with 
Ij4-in.  cable  and  turn-buckles.  Hooks  were 
made  to  go  over  the  upper  flanges  of  the 
third    course    of   plates   and    over    the    cutting 
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edge  of  the  caisson.  Forty  of  each  were  used, 
and  the  pairs  fixed  together  with  cable,  drawn 
up  with  turnbuckles,  as  above,  so  as  to  tie 
tin-  iron  and  timber  into  one  mass,  and  insure 
the  turning  the  structure  as  a  whole.  Most 
of  these  ties  were;  placed  and  made  up  by 
divers. 

Nearly  two  months  were  lost  waiting  for 
tun  large  derrick^,  which  were  bought  for 
May  delivery,  but  finally  everything  was  de- 
clared to  be  read\-  and  the  first  efforl  to  move 
the  caisson  was  set  for  the  next  <1  1 


tons  of  cable,  caused  the  structure  to  movt 
forward  about  1/16  in.  per  hour.  Late  that 
evening  the  balance  of  the  lead  was  hung.  A 
test  was  made  with  the  hoisting  engine,  and 
the  mass  moved  forward  about  3  ft.  Then 
to  iirevent  the  forward  movement,  which  kept 
on  at  the  rate  of  more  than  1  in.  per  hour, 
the  lines  to  the  rear  from  the  top  of  the  tower 
were  tightened  and  everything  held  in  place, 
until  the  arrival  of  the  invited  guests  at  noon 
the  next  day. 

On    Saturday,    September    30,    the   president 


10- /2  ton  Bunches  of  Lead 
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iO-r2tvn  V  . 
Bunches ;  y 
of  Lead 


QO^appnox)  before  turning  ofjzarsson  began. 

4j°(apfyro*:jraffisr  fuming  caisson  Sept.  2%b6. 
*i(~;*-~-—  i&SoXapprox)  position  /n  wh/ch  Caisson  was  /eff  for  winter. 


SUCCESSIVE    POSITION8   OF   CAISSON    AND   TOWER   IN   RIGHTING. 


In  estimating  tin-  weight,  displacement, 
leverage-,  and  other  factors,  it  was  calculated 
that  roo  tons  of  lead,  acting  with  a  lever  arm 
of  58  ft  would  bring  the  mass  in  equilibrium 
on  the  axis  of  the  center  of  gravity  of  the 
wooden-  caisson.  'I  he  additional  _>o  tons  was 
added  to  insure  that  the  neutral  axis  should 
be  between  the  center  of  gravity,  about  7  ft. 
from  the  deck,  as  planned  by  the  United  States 
engineers,  and  the  cutting  edge 
nf  the  ;  tissor 

Friday,   September  29,  when  95  tons  of 
lead    had     been     hung     in     place,     that     w 
aided  b;    about   .}  ton-   weight   of  boom   and  2 


of  the  company,  the  lighthouse  officials  and 
guests  arrived.  At  1  P.  M.  the  stops  were 
cast  off  the  lines,  the  word  given,  and  the 
structure  turned  through  about  47  deg.  in 
about  as  many  seconds.  Everything  worked 
out  just  as  planned  and  before  night  the  divers 
weir  down  hooking  on  to  the  lead  weights, 
which  had  brought  up  on  hard  bottom.  Dur- 
ing the  next  few  days,  one  by  one,  the  12-ton 
bunches  were  lifted,  and  laid  on  top  of  the 
tower.  The  cables  to  which  the  lead  was 
led  were  pulled  aside;  the  boom  released 
and  floated  out  of  the  way,  large  centrifugal 
pumps  with  jets  attached  to  the  suction  pipes 
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were  started,  and  the  mud  under  the  high  side 
removed  allowing  the  caisson  to  settle  slowly 
into  the  bottom. 

Cold  weather  interrupted  the  work  about 
December  1.  All  the  machinery  was  removed 
from  the  wharf  because  of  the  possibility  that 
the  ice,  which  in  this  particular  part  of  the 
bay  is  very  troublesome,  might  carry  it  away. 
The  wharf  stood,  however,  and  except  for  the 
breaking  off  of  a  few  piles,  everything  was 
found  intact  when  work  was  resumed  in  the 
«pring  of   1907. 


sinned,  and  the  plates  of  the  fourth,  fifth, 
sixth,  and  seventh  courses  of  iron  rings  were 
put  in  place,  most  of  them  under  water,  with 
the  aid  of  divers.  This  brought  the  structure 
above  water.  A  i}4-yd.  cube  concrete  mixer 
was  installed,  and  ten  20-in.  65-lb.  60-ft.  I 
beams  were  thrown  across  from  the  two  sides 
of  the  dock,  and  floored  to  secure  additional 
space.  A  cement  house  and  other  structures 
were  built.  Temporary  wooden  doors  were 
fitted  at  the  bottom  of  each  of  the  four  dredg- 
ing shafts  and  concrete  to  the  depth  of  about 


FIG.   V.  —  LF.AIf  WEIGHTS  HUNG  ON 

Early  in  April,  the  machinery  was  again  in- 
stalled on  the  wharf.  One  of  the  barges  was 
kept  afloat  and  became  one  of  the  most  use- 
ful helps  on  the  work.  The  old  hulk  was 
never  laid  off  the  job,  being  moved  round 
and  round  the  wharf  to  find  a  lee  when  storms 
blew,  all  of  which  it  outrode  gallantly,  and 
there  was  not  a  point  on  the  wharf  where 
her  70-ft.  boom  could  not  be  brought  to 
bear  to  lift  and  perform  whatever  work  the 
fixed  derricks  were  not  able  to  reach.  The 
two  large  derricks  previously  mentioned  were 
replaced  by  a  tower,  and  the  two  12  x  12-in. 
booms  with  three  and  four-part  lines  for 
lighter  and  more  rapid  work. 

The  tower  was  removed  from  the  side  of 
the  caisson  ;  the  2-in.  cables  were  withdrawn 
from  around  the  rings ;  the  spuds  were  taken 
out  of  the  dredging  shafts;  pumping  was  re- 


TOWER  OK   DERRICK    OF  CAISSOv. 

6  ft.  was  deposited  in  each  by  means  of  a 
bottom  dump  bucket.  While  this  concrete 
was  settling  additional  sections  of  the  air  shaft 
were  added  to  bring  it  above  water,  and  prep- 
aration*- were  made  to  pump  out  the  cylinder. 
Tn  turning  the  structures,  the  cutting  edge 
of  the  caisson,  which  at  the  start  was  about 
46  ft.  below  the  surface,  sank  about  II  ft., 
the  movement  being  forward  and  clown  at 
the  same  time,  so  that  the  deck  of  the  caisson 
was  about  36  ft.  below  the  surface  of  the 
bay.  when  the  time  came  to  empty  the  cylinder 
of  water.  The  displacement  of  the  cylinder 
was  about  50  tons  per  foot  of  depth,  and 
weight  to  the  extent  of  about  1800  ton--  had 
to  lie  provided  to  prevent  the  structure  from 
jumping  out  of  the  water  like  a  big  cork.  This 
was  provided  by  rubble  boulders  weighing 
from    '..    to    4    tons    each,    which    were    lowered 
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into  place  by  derricks  and  placed  by  a  diver. 
Several  scowloads  of  sand  also  were  thrown 
into  the  cylinder.  Old  sails  were  wrapped 
around  the  outside  of  the  cylinder,  wound  with 
many  turns  of  hemp  line,  hove  taut  with  an 
engine,  and  the  pumps  were  started  to  clear 
it  of  water. 

At  this  point  came  one  of  the  most  trouble- 
some and  expensive  difficulties  of  the  whole 
operation.  It  had  not  been  considered  that 
emptying  the  cylinder  presented  a  serious 
problem,  but  on  trial  with  a  10  x  8-in.  Law- 
rence centerfugal  pump  with  an  8  x  8-in.  en- 
gine, it  was  found  that  while  the  water  could 
be  lowered  about  3  ft.  in  about  1 1  minutes. 
it  returned  at  the  rate  of  300  cu.  ft.  per  min- 
ute, and  in  15  to  16  minutes  from  the  time 
the  pump  stopped  the  water  level  inside  and 
out  was  the  same.  Experiment  after  experi- 
ment was  tried  but  it  was  like  trying  to  pump 
out  the  bay. 

Finally  a  new  canvas,  jj  x  150  ft.,  made  of 
No.  4  duck  was  secured,  cut  to  fit  the  batter 
of  the  sixth  course,  and  well  roped  around  the 
edge.  This  was  drawn  around  the  cylinder 
and  tightened  up  with  an  engine.  Strips  of 
1  x  6-in.  wood  were  put  along  the  vertical 
joint  inside  and  outside,  and  the  two  strips 
nailed  together  every  6  in.  by  a  diver.  This 
reduced  the  leakage  more  than  half,  but  the 
flow  was  too  strong  to  permit  laying  concrete. 
Then  about  4.000  cu.  yd.  of  mud  were  brought 
from  one  of  the  dredges  working  in  Baltimore 
harbor  and  dumped  in  the  slip  between  the 
points  of  the  wharf,  after  which  a  ^4-yd. 
clam-shell  bucket  was  used  to  bank  the  mud 
around  the  cylinder.  By  this  means  the  leak- 
age was  reduced  to  insignificant  proportions, 
and  thereafter  was  handled  conveniently  by  a 
No.  3  Emerson  pump,  running  an  occasional 
stroke.  Practically  all  this  trouble,  delay  and 
expense  was  caused  by  the  removal  of  the 
plates,  which  was  the  only  thing  done  by  the 
sub-contractor  who  attempted  the  job  after 
the   failure  of  the  original   contractor. 

Each  of  the  45-ft.  diameter  ringes  was  made 
up  of  thirty  cast  iron  plates  about  5  ft.  x  6 
ft.  3. -in.  x  2-in.  thick.  These  plates  had  8-in. 
flanges  all  around  and  were  bolted  together 
by  2-in.  bolts. 

After  the  leakage  was  surmounted,  the  cylin- 
der was  quickly  filled  with  concrete  up  to  the 
middle  of  the  sixth  course,  the  large  stone 
oeing    moved    from    side    to    side    until    it    was 


placed  on  the  concrete.  At  no  time  was  the 
weight  allowed  to  drop  below  a  safe  load  re- 
quired to  hold  down  the  empty  shell. 

The  pump  was  continued  in  service  for 
nearly  three  weeks,  almost  wuthout  a  stop 
and  with  practically  no  attention,  until  the 
concrete  was  brought  above  the  surface  of  the 
bay,  a  sump  being  left  all  the  way  around  the 
deck  of  the  caisson.  Iron  pipe  channels  were 
left  at  various  points  leading  to  this  sump. 
After  the  pump  was  removed,  the  sump  was 
closed  except  for  a  2-in.  pipe  connection  to 
which  a  grouting  machine  was  attached,  and 
the  sump  and  all  of  its  channels  pumped  full 
of  grout  under  an  air  pressure  of  140  lb.  The 
cubic  contents  of  the  sump  and  its  connections 
were  very  carefully  calculated,  and  a  sufficient 
amount  of  grout  was  forced  in  to  entirely  fill 
the  space.  Thereafter  the  surface  of  the  con- 
crete was  never  allowed  to  get  below  water 
level.  During  the  period  when  concreting  was 
gojng  on.  the  air  compressor  plant  was  thor- 
oughly gone  over,  an  electric  light  plant  was 
installed  and  men  and  material  locks  were 
secured.  A  hospital  lock  was  fitted  up  and  a 
physician  experienced  in  the  care  of  men 
working  under  compressed  air  placed  in  charge 
as  medical   director. 

The  class  of  labor  was  rapidly  changed. 
Sand  hogs  were  brought  from  New  York 
under  experienced  foremen.  The  locks  were 
placed,  air  turned  on  and  the  sinking  com- 
menced and  continued  without  interruption 
until   the   end. 

Some  of  the  clay  stratum  on  which  the  cais- 
FOU  rested  when  the  air  was  turned  on,  was 
taken  out  with  shovels  and  a  bucket,  but  most 
of  the  material  was  blown  through  a  5-in. 
iron  pipe  carried  up  in  the  air  shaft  and 
turned  overboard.  At  its  end  it  was  fitted 
with  a  short  length  of  4-in.  suction  hose,  and 
a  4-in.  plug  cock  served  to  close  it  when  neces- 
sary. The  material  was  washed  to  a  sump 
by  one  or  'more  jets  from  a  2^2-in.  fire  hose 
nozzle  supplied  with  water  by  a  pump  on  the 
dock. 

The  men  worked  in  two  shifts,  varying  from 
four  hours  each  at  the  beginning  to  one  hour 
each  at  the  end.  The  air  pressure  varied  from 
25  to  40  lb. 

One  of  the  serious  troubles  the  men  had  to 
contend  with  at  the  start  of  the  air  work  was 
sinking  through  an  old  oyster  bed  or  bar  at  a 
depth    of    about    60    ft.,    which    evidently    had 
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once  been  the  bottom  of  the  bay.  The  oyster 
shells,  which  were  very  numerous,  clogged 
the  blow  pipes,  cut  through  rubber  boots, 
gloves  and  skin,  making  the  progress  slow, 
difficult  and  painful. 

SMALL    PIPES     FOR    AIR    LOCK. 

The  material  lock  was  fitted  with  large  con- 
nections and  valves,  so  that  materials  could 
be  locked  in  and  out  rapidly,  but  the  man  lock, 
which  was  on  the  side  and  entirely  separate 
from  the  other  one,  was  fitted  only  with  a  y±-\n. 
valve,  and  so  rapid  ingress  and  egress  was 
impossible.  It  is  common  practice  on  similar 
work  to  use  as  large  a  valve  as  2-in.  This 
condition  caused  considerable  complaint  on  the 
part  of  the  men  at  first,  but  they  were  soon 
accustomed  to  waiting  patiently  for  decompres- 
sion. 

During  the  long  delay  between  the  closing 
of  the  caisson  and  the  putting  on  of  the  air, 
the  teredo  had  been  very  busy  in  some  of  the 
exposed  parts  of  the  caisson.  It  was  neces- 
sary to  remove  some  of  the  bulkhead  timbers 
within  the  rings  entirely,  but  most  of  those 
in  the  working  chamber  stood  up  to  the  work, 
the  holes  being  afterward  pumped  full  of 
grout  with  the  grouting  machine.  The  cais- 
son itself  was  strained  slightly  by  the  turning, 
and  a  few  of  the  caulked  joints  in  the  work- 
ing chamber  opened  slightly. 

No  special  difficulty  was  experienced  in 
mudding  up  these  leaks,  although  they  re- 
quired constant  attention,  and,  together  with 
the  worm  holes,  caused  a  considerable  blow- 
out of  air  on  the  southeast  corner.  This  leak 
was  not  regarded  entirely  as  an  objection,  as 
it  served  to  keep  the  air  in  the  working  cham- 
ber in  good  condition,  and  taken  as  a  means 
of  ventilation  not  requiring  more  air  than 
would  have  been  otherwise  wasted,  no  stren- 
uous effort  was  made  to  close  it.  In  addition,  the 
porous  sand  stratum  below  the  blanket  of  mud 
at  the  bottom  of  the  bay  absorbed  a  large 
volume  of  air,  and  in  calm  weather  the  bubbles 
of  air  could  be  seen  rising  in  all  directions 
for  a  long  distance   from  the  work. 

After  the  concrete  was  -tarted  the  work 
never  stopped  night  nor  day  until  the  working 
chamber  was  filled  with  concrete,  sealed  and 
the  air  taken  off.  During  1906.  and  until  Au- 
gust, 1907,  the  work  was  carried  on  with  a 
small  force  working  only  one  shift.  The  main 
volume  of  concrete  was  placed  b\  three  shifts 
working  throughout  the  24  hours,  and  for  con- 


siderable periods,  the  material  handled  aver- 
aged a  cubic  yard  in  each  six  minutes.  After 
the  concrete  reached  the  surface  of  the  water, 
one  shift  easily  placed  the  material  as  fast  as 
the  caisson  sank. 

In  filling  the  working  chamber  all  but  the 
last  few  yards  of  concrete  at  the  bottom  of 
the  central  air  shaft  was  dropped  through  two 
12-in,  diameter  iron  pipe  shafts  leading 
through  the  north  and  the  south  dredging 
shafts.  These  pipes  were  installed  when  the 
temporary  doors  were  put  in  the  shafts,  and 
built  in  the  concrete  as  it  came  up.  A  12-in. 
Jenkins  straightway  back-pressure  valve  was 
placed  at  the  top  of  each  to  hold  the  pressure 
and  act  as  a  lock.  A  wooden  target  with  a 
rubber  gasket  was  used  at  the  bottom  of  the 
pipe  to  hold  the  air,  when  the  top  valve  was 
opened  to  fill  the  pipe  with  concrete  from  the 
hopper  platform.  Means  were  provided  to 
equalize  the  pressure  with  the  main  air  shaft, 
and  the  arrangement  worked  reasonably  well. 
Some  trouble  was  experienced  from  stoppages 
due  to  the  long  length  and  small  diameter 
of  the  pipe.  It  proved  that  for  tubes  for  this 
purpose,  particularly  if  as  long  as  these,  84 
ft.,  the  diameter  should  be  not  less  than  16 
in.,  and  18  or  20  in.  would  probably  give  bet- 
ter results. 

Outside  of  the  small  boiler  on  the  barge. 
four  boilers  were  used ;  two  of  them  were  of 
the  marine  type  of  125  h.-p.  each  and  the  other 
tw'O  were  verticals,  aggregating  about  100  h.-p. 
Two  Class  A  straight  line  Ingersoll-Rand  com- 
pressors were  used,  one  high-pressure  machine 
of  1.250  cu.  ft.  per  minute,  and  the  other  a 
low-pressure  machine  of  about  900  cu.  ft.  free 
air  per  minute.  Air  receivers  and  an  air 
cooler  made  up  of  6-in.  pipe  carried  through  a 
tank  of  water  under  the  pier  were  provided, 
and  the  conditions  in  the  caisson  so  far  as  the 
air  was  concerned  were  at  all  times  pleasant 
and  agreeable. 

A  i2:/'-kw.  generator  and  engine  was  in- 
stalled. The  lights  for  all  the  houses  and 
around  the  outdoor  machinery,  and  also  those 
in  the  locks,  shafts  and  caisson,  as  well  as  the 
arc  lamps  for  general  illumination,  were  at- 
tached to  this  machine. 

The  number  of  men  employed  during  the 
last  few  weeks  average  n  5-  There  was  no 
special  sickness  and  only  two  or  three  men 
were  sent  away  from  the  wharf  on  that  ac- 
count. No  one  was  seriously  injured  and 
there  were  but  two  slight  casualties  during  the 
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progress  of  the  work.  The  reasons  for  this 
happy  condition  Mr.  Wood  attributes  to  the 
care  exercised  in  picking  out  and  looking 
after  the  men,  to  the  short  shifts,  which 
aided  in  keeping  up  their  vitality,  and  to  the 
entire  lack  of  means  for  dissipation  on  the 
part  of  all  employed.  The  rest  and  food  were 
-.  as  was  also  the  care  taken  in  secur- 
ing a  pure  air  supply;  the  ventilating  and 
lighting  of  the  air  chamber  also  aided.  The 
provisi  m  of  only  small  openings  on  the  man 
lock,  which  made  it  absolutely  impossible  for 
any  of  the  men  to  do  otherwise  than  observe 
the  rules  of  the  best  practice  for  compression 
and  decompression  in  entering  and  leaving  the 
caisson   was  undoubtedly   of  value. 

Taking  into  account  the  number  and  char- 
acter of  the  men  employed,  the  length  of  time 
for  which  they  are  engaged,  the  hazardous 
nature  of  the  work,  the  remote  location  and 
narrow  limits  within  which  a  large  number 
of  nun  labored  and  were  housed,  fed  and 
cared  for,  the  operation  is  remarkable,  and 
in  this  phase  of  it  Mr.  Wood  takes  a  great 
deal  of  pride.  He  also  specifies  by  name  a 
considerable  number  holding  responsible  posi- 
tions who  co-operated  with  him,  and  in  con- 
clusion aknowledges  also  his  great  indebted- 
ness to  the  men  who.  through  long  nights  and 
days  of  strain,  stress  and  struggle,  in  intense 
heat  and  bitter  cold,  in  calm  weather  and  with 
gales  blowing,  often  at  the  risk  of  life  and 
limb,  performed  their  part.  As  he  expresses 
it:  "No  matter  what  his  ability,  no  man  gets 
very  far  or  does  very  much  except  through 
the  loyalty  and  co-operation  of  those  on  whom 
he  depends  to  execute  his  ideas.  Therefore 
after  everyone  else  has  been  given  full  credit, 
what  is  left  you  may  award  to  me.-' 


A  WATER  CARRYING  DEVICE 

A  sugar  refinery  at  Crocket,  California,  is 
so  situated  that  while  it  has  the  ocean  to 
draw  from  there  is  no  supply  of  fresh  water, 
which  it  of  course  requires  in  considerable  quan- 
t'.y.  It  has  had  built  for  it  a  large  barge. 
and  this  barge  is  towed  up  the  river  where  the 
water  is  fresh  and  then  allowed  to  fill  until 
it  is  submerged  almost  to  the  deck.  It  thus 
brings  to  the  refinery  to  be  pumped  out  about 
half  a  million  gallons  per  trip. 

If  this  barge  had  an  air  tight  deck  and 
hatches  to  fasten  down   what  a   simple  thing  it 


would  he  to  lead  a  compressed  air  hose  to 
form  a  pressure  on  top  of  the  water  and  then 
hav«  another  hose  by  which  the  water  could 
be  delivered  to  storage  tanks  anywhere  about 
the  plant  as  required. 


A  SPECIAL  PNEUMATIC  RAM 

We  show  here  a  special  pneumatic  ram  built 
by  the  Canadian  Rand  Company,  for  the  Do- 
minion   Car    &    Foundry    Company,    Montreal. 
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A   SPECIAL   PNEUMATIC    RAM 

It  is  used  for  pressing  brake  heads  on  the 
brake  Irani-,.  The  cylinder  is  io  inches  di- 
al net  >t  allowing  the  plunger  a  travel  of  io 
inches,  and  the  usual  shop  air  pressure  of  ?y 
lbs.  is  employed.  The  press  or  ram  is  mounted 
on  a  steel  frame  with  a  post  at  the  opposite 
end.  the  space  between  the  post  and  the  ram 
being  just  sufficient  to  take  in  the  brake  beam. 
One  operator  controls  all  the  operations  of 
the  ram  by  the  single  lever  shown,  while  an- 
other puts  on  the  brake  heads,  first  the  one 
next  the  post  and  then  the  one  next  to  the 
ram.  The  valve  is  dust  proof  and  air  bal- 
anced, with  four  ports  admitting  the  air  to 
or  discharging  it  from  either  end  of  the  cyl- 
inder. Instead  of  drawing  in  air  from  the 
shop,  admitting  with  it  dust  and  dirt,  the  air 
is  taken  only  from  the  receiver  for  the  for- 
ward stroke  and  for  *he  backward  stroke  the 
same  air  is  exhausted  from  one  end  to  the 
other,  thus  preventing  dust  from  entering  the 
cvlinder. 
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THE  AIR  LIFT  IN  UMWATERING  THE 
HOMESTAKE  MINE 

The  episode  of  the  fire  which  occured  last 
year  in  the  Homestake  mine  at  Lead,  South 
Dakota,  has  been  narrated  in  graphic  detail 
by  Mr.  Bruce  C.  Yates,  assistant  chief  engi- 
neer of  the  Homestake  Mining  Company,  in 
the    Engineering    News.      The    mine    was    of 


began  on  March  25,  1907  and  was  from  the 
first  beyond  control.  After  exhausting  all  ex- 
pedients the  mine  was  flooded,  and  then  came 
the  unwatering  in  order  to  resume  mining 
operations.  This  was  done  mostly  by  bailing 
with  skips  in  the  several  shafts  lifting  1,000 
gallons  at  a  time,  some  of  them  2,000  gallons. 
A    system    of -air   lifts   was   installed   at   the 


From  Elevation 


Side  Plevatjcrt- 


AIR    LIFT   FOR  UNWATERING    HOMESTAKE   MINE. 


large  extent  and  contained  an  immense  quan- 
tity of  timber  distributed  through  a  labyrinth 
of  stopes  at  different  levels.  The  entire  stope 
area  in  feet  was  a  mass  of  loose  rock  and 
timber  with  also  numerous  bulkheads  built 
years  ago  to  support  pillars  of  ore  while  ad- 
jacent   stopes    were    being    worked.      The   fire 


Ellison  shaft,  which  proved  to  be  of 
assistance.  Two  8-in.  pipes  were  lowered  from 
the  300-ft.  level  to  the  800-ft.  level  in  the  pipe 
compartment,  and  a  2-in.  pipe  was  put  inside 
of  each  8-in.  pipe  extending  down  240  ft. 
below  the  discharge.  The  8-in.  pipes  had  a 
conical  end  at  the  bottom,  provided  with 


4870 


COMPRESSED  AIR. 


holes  in  the  surface  of  the  cone.  The  area 
of  these  holes  is  about  2x/2  times  the  area  of 
the  pipe  cross  sections.  On  the  lower  end  ot 
the  2-in.  pipe  were  pieces  of  pipe  about  eight 
inches  long  with  numerous  small  holes  in  the 
circumference,  pointing  upward  at  an  angle 
of  45  deg.,  the  ends  of  the  pipe  being  closed 
with  a  cap.  The  discharge  ends  of  the  water 
columns  were  provided  with  special  curved 
elbows,  having  flanged  openings  through  which 
the  air  pipes  entered.  Fig.  4.,  shows  the  ar- 
rangement of  piping  for  these  air  lifts. 

A  6-in.  pipe,  which  is  a  part  of  the  mine- 
fire  service  and  which  connects  a  tank  on  the 
200-ft.  level  with  one  on  the  600-ft,  was  taken 
apart  at  the  300-ft.  level  and  a  I -in.  air 
pipe  was  lowered  inside.  This  pipe  threw 
considerable  water  until  the  water  was  lowered 
200  ft.,  although  there  was  one  tee  and  one 
elbow  at  the  lower  end.  Both  8-in.  water 
columns  were  made  of  screw-connected  pipe, 
put  together  a  length  at  a  time,  and  lowered 
by  block  and  winch.  Air  at  No-lb.  pressure 
was  first  used,  but  when  the  air  pipes  were 
lowered,  air  at  a  pressure  of  85  lb.  was  turned 
into  one  of  the  columns. 

When  the  air-lifts  were  discontinued  the 
high-pressure  line  was  lifting  water  336  v. 
with  a  submergence  of  171  ft.,  and  the  low- 
pressure  line  was  working  against  the  same 
head  with  a  submergence  of  135  ft.;  the  two 
together  were  raising  about  600  gal.  per  min. 
When  the  three  pipes  were  at  their  best  effici- 
ency they  raised  4,397,000  gal.  in  24  hours, 
with  the  water  level  standing  87  ft.  below  the 
discharge  and  submergence  of  the  air  lines 
of  157  ft. 

The  total  amount  of  water  pumped  from 
the  mine  by  the  air  lifts  was  83,469,000  gal. 
The  average  per  day,  during  31  days,  was 
2,692,550  gal.  The  total  amount  hoisted  and 
pumped  from  the  mine  during  the  time  was 
309.891,500  gal.,  of  which  the  air  lifts  raised 
26.9  per  cent.  The  best  record  for  24  hours 
made  by  all  of  the  skips  was  8,724,000  gal., 
and  the  Ellison  shaft  alone  hoisted  4,500,000 
gal.  in  24  hours  from  about  185  ft.  below  the 
300-ft.   level. 


garding  it  are  by  Mr.  T.  Chabot,  of  the  Sher- 
brooke    shops   of   the   company. 

We  find  the  new  hammer  better  than  the 
belt  driven  style  in  that  it  is  more  easily  con- 
trolled and  its  range  of  work  is  practically 
unlimited.  We  use  it  on  all  kinds  of  compara- 
tively light  work,  i.  e.,  sizes  *4  in-  to  2  in., 
round  or  square.     It  is  used  to  great  advantage 


A   NEW  PNEUMATIC  FORGING 
HAMMER 

The  half  tone  shows  a  handy  pneumatic 
hammer  for  blacksmiths,  built  by  the  Canadi  in 
Rand  Drill  Company.     The  following  notes  re- 


A   HANDY   PNEUMATIC    HAMMER. 
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on  welding  springs  and  drawing  out  Yi  in.  to 
V/\    in.   sizes. 

It  is  arranged  so  that  the  valve  is  operated 
by  a  treadle,  leaving  both  the  operator's  hands 
free  to  attend  to  his  work.  The  principal  ad- 
vantages of  the  hammer  are  that  the  operator 
can  control  the  blows  so  very  easily,  and  this 
with  the  foot,  leaving  him  free  to  use  chisels, 
formers,  etc.,  under  the  hammer,  without  a 
helper;  the  facility  of  adjusting  the  hammer 
to  the  work  in  hand,  which  is  done  with  a  few 
turns  of  the  feed  handle ;  the  ability  to  change 
the  stroke  from  8  in.  to  1  in.  or  vice  versa, 
without  interrupting  the  work. 

Some  of  the  jobs  we  keep  it  busy  with  are : 
Drawing  out  springs.  coLd  chisels,  picks,  bars, 
lathe  tools,  etc.,  and  welding  and  drawing  out 
stock  to  1 J4  in.  Not  least  worthy  of  mention 
is  the  space  occupied,  the  hammer  being  ret 
on  a  concrete  base  only  30  in.  in  diameter. 

We  are  preparing  to  use  it  in  upsetting  and 
forging  bolts  in  a  bolt  vise.  This  will  be  done 
by  putting  a  safety  clamp  under  the  column 
clamp,  which  will  permit  the  hammer  to  be 
swung  around  over  the  vise  for  upsetting  and 
back  again  over  the  anvil  to  forge  the  head 
to  hexagon  or  square. 


EARNINGS  OF  A  DRAINAGE  TUNNEL 

Mr.  T.  R.  Countryman,  engineer  of  the 
new  Cripple  Creek  drainage  tunnel,  in  a 
paper  before  the  Colorado  Polytechnic  So- 
ciety, gives  some  interesting  matter  concern- 
ing the  value  of  the  El  Paso  tunnel  com- 
pleted in  1903.     He  says: 

"Assuming  the  average  cost  of  lifting  1,- 
000,000  gallons  600  feet  in  the  Cripple  Creek 
district  to  be  $125,  then  the  El  Paso  tunnel 
has  earned  to  date  fully  $1,000,000.  and  it  is 
still  at  work.  It  works  every  minute  of  the 
day  and  every  day  of  the  year.  There  is  no 
expense  connected  with  it,  and  no  flooding 
of  levels  on  account  of  labor  strikes  or  acci- 
dents to  machinery.  This  tunnel  has  low- 
ered the  general  water  level  of  the  district, 
as  shown  by  the  subsidence  of  the  water  at 
the  Elkton  shaft,  a  total  of  160  feet.  Per- 
haps the  average  reduction  would  not  be  so 
much." 

It  is  stated  in  the  paper  referred  to  that  the 
new  Gutch  Park  or  Roosevelt  tunnel,  now  in 
progress,  will  cost  20  per  cent,  more  than 
first  estimated,  but: 


"'Even  should  it  cost  100  per  cent,  more 
the  mine  owners  cannot  afford  to  aban- 
don it,  for  it  will  in  the  end  save  many  times 
its  cost  in  pumping  alone.  It  will  also  save 
very  largely  in  other  mining  costs,  particu- 
larly labor.  The  completion  of  the  tunnel  will 
mark  the  beginning  of  another  era  of  activity 
and  prosperity  for  the  Cripple  Creek  dis- 
trict." 
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CHEAP  AIR  HOIST  CYLINDERS 

A  contributor  in  a  recent  issue  of  the 
American  Machinist  says  that  he  once  received 
an  order  to  build  a  number  of  air  hoists  to  be 
used  in  a  large  railroad  shop,  taking  for  the 
purpose  such  material  as  he  could  pick  up 
abound  the  shop.  He  found  some  pieces  of 
8.  10  and  12  inch  pipe  and  cut  them  into  6  foot 
lengths.  He  cut  two  hardwood  blocks,  A,  12 
inches  square  and  \l/2  inch  thick,  bored  a  1 
inch  hole  in  the  middle  of  each,  filled  a  pipe 
about  half  full  of  scrap  and  sand,  bolted  the 
biocks,  A,  to  the  ends  by  a  bolt  through  the 
middle  and  then  laid  the  pipe  in  the  two 
cradles,  B,  as  shown.  The  pipe  was  then 
diiven  by  a  belt  around  the  pipe  and  over 
the  line  shaft  for  about  10  hours,  and  the 
inside  was  scoured  out  true  and  smooth 
enough  for  use.  The  hoists  using  these  cylin- 
ders are  said  to  have  given  good  service  and 
the  cup-leather  piston  packings  lasted  a  long 
time.  We  might  suggest  that  if  an  inch  or 
so  had  been  cut  off  of  each  end  of  the  pipes 
after  the  tumbling  process  it  might  have  been 
an  improvement,  as  the  scouring  could  not 
have  been  fully  effective  in  the  corners. 


The  Cape  to  Cairo  Railroad  in  Africa  only 
requires  the  completion  of  700  miles  to  enable 
travelers  to  make  a  connected  journey  by 
rail,  lake  and  river  from  Cairo  to  Cape 
Town. 
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THE    SAND-BLAST   MACHINE    "AN 
ELECTRICAL    GENERATOR." 

By    B.    O'Reilly. 

We  have  had  a  sand-blasting  apparatus  in 
operation  for  some  time,  in  the  form  of  two 
cylinders  made  of  sheet  steel.  These 
cylinders  are  arranged  vertically,  the  larger 
one  being  uppermost.  The  lower  one  forms 
both  a  column  to  support  the  whole  machine 
and  a  chamber  to  contain  fine,  sharp  sand. 
The  two  chambers  are  connected  by  a 
length  of  rubber  hose  about  \x/>  inches  in- 
ternal diameter.  At  the  end  of  the  hose 
which  is  inside  the  upper  chamber  there  is 
a  nozzle  of  cast  iron,  the  bore  being  about 
li  inch. 

The  machine  is  worked  by  compressed  air, 
of  an  average  pressure  of  5  pounds.  The 
compressed  air  forces  up  the  fine  Sand  from 
the  lower  chamber,  through  the  rubber  hose 
and  nozzle  info  the  upper  one.  When  oper- 
ating the  machine,  the  hands  are  inserted 
through  two  openings  in  the  upper  chamber. 
One  hand  holds  the  tool  which  is  to  be 
cleaned,  while  the  other,  holding  the  nozzle, 
directs  the  current  of  air  and  sand  in  the 
required  direction.  The  operator  observes 
the  progress  of  the  work  through  a  small 
window  on   a   level   with  his  eye. 

A  man  who  was  using  the  machine  com- 
plained that  he  had  received,  or  imagined  he 
had  received,  a  curious  kind  of  blow  or 
shock  to  his  arms — nothing  >erious.  but 
sufficient  to  make  him  note  the  fact.  A  day 
or  two  after  a  pipe  fitter,  who  had  some  al- 
terations to  make,  laid  his  hand  on  the 
rubber  hose.  He  received  a  shock  which 
startled  him.  Another  man  who  was  near, 
grasped  the  hose,  when  he  at  once  received 
an  undoubted  shock.  I  distinctly  saw  the 
spark  and  heard  the  sharp  crack  which  ac- 
companies a  discharge  of  static  electricity. 
As  a  further  proof  that  the  hose  was  electri- 
fied, I  took  a  long  thread  from  a  piece  of 
cotton  waste;  this  was  attracted  by  the  hose, 
as  were  also  other  light  substances. 

A  water-gage  glass  tube  was  slipped  upon 
a  round  steel  rod  so  that  about  12  inches 
of  the  steel  rod  stood  out  at  each  end  of 
the  gage  glass.  Holding  the  gage  glass  in 
the  left  hand,  the  steel  bar  was  fairly  well 
insulated,  while  one  end  was  sand  blasted; 
so   long   as   the   jet   continued   to    play   upon 


this  end,  sparks  could  be  drawn  from  the 
other.  The  use  of  dry  hot  sand  gave  the 
best    results. — American    Machinist. 


PNEUMATIC  ICE  HOISTS 

In  a  modern  plant  producing  ice  artificially 
an  ice  storage  house  is  an  important  feature, 
especially  in  the  interest  of  profitable  oper- 
ation. It  enables  a  plant  of  smaller  capacity 
to  produce  the  year's  supply  by  running  con- 
tinuously, under  the  most  economical  con- 
ditions and  at  its  best  rate  of  production   for 


PNEUMATIC  TCE  HOIST. 

nine  or  ten  months  of  the  year  with  a 
shut  down  in  the  winter  for  general  over- 
hauling and  rejuvenation.  With  a  peak  de- 
mand for  100  tons  per  day  in  August  a  50 
ton  plant  may  be  quite  sufficient  and  better 
than  a  larger  one  for  the  year's  total  output. 
We  illustrate  in  Fig.  1,  an  ice  elevating  and 
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lowering  machine  especially  designed  for  this 
service.  As  all  ice  plants  have  a  constant  sup- 
ply of  compressed  air  the  apparatus  is  econom- 
ical, to  instal,  to  maintain  and  to  operate. 
No  explanation  is  necessary  as  to  the  design 
of  the  device.  By  a  simple  adjusting  screw 
placed  convenient  to  the  operator  the  level  at 
which  the  cage  stops  may  be  raised  or  lowered 
according  to  the  height  of  the  ice  in  the  house. 
The  elevator  of  course  is  used  as  well  for 
taking  ice  out  as  for  putting  it  into  the  house. 
Fig.  2  shows  a  double  horizontal  hoist  allow- 
ing two  cages  to  be  operated  at  the  same 
time.  These  are  normally  for  hoisting  or 
lowering  ice  between  fixed  levels,  as  for 
icing  cars  or  for  raising  ice  to  a  loading  plat- 
form from  which  it  passes  down  inclines  to 
different  parts  of  the  plant.  The  hoisting  cyl- 
inders are  not  necessarily  placed  in  the  posi- 
tions shown  but  may  be  located  anywhere  from 
which  the  rope  may  be  strung  over  suitably 
located  sheaves  to  the  cage.  Plants  have  been 
installed  with  as  many  as  six  cages  in  differ- 
ent parts  of  the  building  all  operated  by  one 
hoist.  These  hoists  are  built  by  the  Curtis 
&  Co.  Manufacturing  Co.,  St.  Louis. 


AVOIDABLE  COLLIERY  ACCIDENTS 

The  Colliery  Guardian,  of  London,  speaks 
in  severe  terms  of  recent  coal  mine  acci- 
dents in  the  United  States.  The  authenti- 
cated reports  of  these,  it  says,  make  very  in- 
teresting reading  from  many  points  of  view, 
not  the  least  important  of  which  is  the  fact 
that  the  majority  of  these  accidents  form  ob- 
ject lessons  as  useful  for  practical  purposes 
as  if  they  had  been  performed  for  the  sake  of 
experiment.  Sad  as  has  been  the  loss  of 
life  in  connection  with  them,  sadder  still  is 
the  story  which  they  unfold  of  the  condi- 
tions prevailing  in  many  of  the  pits  of  the 
United  States,  which  are  worked,  in  too 
many  instances,  under  circumstances  which 
positively  court  disaster. 

Let  us.  for  example,  take  the  Monongah 
explosion,  the  precise  origin  of  which  still 
remains  obscure,  although  there  seems  to  be 
an  agreement  as  to  many  of  the  facts  of  the 
case.  The  mines  were  stated  to  be  well 
planned  and  fairly  well  ventilated,  but  were 
dry  and  dusty.  Gas  was  present,  but  not  in 
large  quantities,  and  naked  lights  were  used. 
Coal-cutting     machines     were     largely     used, 


FIG.  II.— DOUBLE    ICE   HOIST. 
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each  machine  in  making  one  cut  producing 
about  one  car-load  of  dust.  Miners  were 
supposed  not  to  fire  shots  until  twenty  min- 
utes after  a  cut  had  been  made,  but  the  shot- 
firing  was  often  carelessly  done,  and  black 
powder  was  used,  sometimes  in  the  coal  it- 
self. Naked  wires  carrying  an  electric  cur- 
rent of  280  volts  were  present  in  the  work- 
ings. Some  sprinkling  was  done  occasionally 
in  the  main  entries,  but  little  or  no  attempt 
was  made  to  remove   dust  from   the   mine. 

It  would  be  difficult  to  find  a  combination 
of  circumstances  more  favorable  for  the  pro- 
duction of  an  explosion.  It  is  a  question 
whether  it  is  worth  while  even  to  speculate 
upon  its  immediate  cause.  A  somewhat 
strong  body  of  opinion  exists  that  it  was  the 
result  of  a  runaway  trip  of  wagons,  and  it 
may  be  worth  while  recording  the  fact  that 
runaway  trips  had  on  two  previous  occasions 
raised  such  clouds  of  coaldust  that  ignition 
ensued  and  fires  were  caused.  Something 
very  similar  took  place  last  autumn  in  a  pit 
worked  by  the  Union  Pacific  Coal  Company, 
at  Rock  Springs.  Wyoming.  Here  six  cars 
broke  away  down  an  incline  of  1  in  5,  crashed 
into  a  trip  of  full  cars,  and  raised  a  dust  cloud 
which  was  immediately  ignited  by  the  miners' 
lights,  burning  the  men  more  or  less,  but 
fortunately  without  any  violent  explosion 
taking  place.  Whether  such  dust  explosions 
are  violent  or  not  must  necessarily  depend 
upon  the  relative  proportions  of  dust  and  air. 
In  the  case  of  the  Monongah  disaster,  how- 
ever, there  is  an  equally  strong  opinion  that 
this  was  an  ordinary  case  of  a  blown-out 
shot  igniting  dust,  perhaps  in  the  presence 
of  a  little  gas. 

But,  as  we  have  said  above,  what  matters 
the  immediate  cause  when  there  were  so 
many  elements  of  danger  in  this  pit.  The  in- 
spectors who  report  upon  this  accident  refer 
in  detail  to  many  of  these,  such  as  the  exces- 
sive dust  made  by  chain  coal-cutters,  the 
powerful  charge  of  explosive  required  to 
break  down  the  coal,  the  large  amount  of 
electric  current  used  in  the  pits,  the  care- 
less methods  of  shot-firing  employed  They 
also  criticise  the  methods  of  working  the 
pits.  The  seams  are  thick,  and  are  worked 
in  single  cuts  instead  of  in  two  benches.  As 
many  as  eight  parallel  main  headings  were 
driven  in  the  seams,  forming  special  storage 
chambers  for  mine  dust,  and  the  fact  that  two 


separate  mines  were  connected  together  un- 
derground is  held  responsible,  as  at  Cour- 
rieres,  for  large  addition  to  the  number  of 
the  dead.  The  Yolande  explosion,  in  which 
fifty-six  men  perished,  repeats  a  similar  tale. 
There  was  gas  in  the  pit;  this  gas  was  ignited 
by  an  open  lamp;  coaldust  enabled  the  flame 
to  be  conveyed  through  the  workings.  After 
the  disaster  the  company  adopted  a  set  of 
rules  and  regulations  which  the  inspectors 
state  are  the  same  they  have  for  the  past  five 
years  been  urging  the  managers  to  adopt. 


WIRELESS  ELECTRIC    POWER 
TRANSMISSION 

The  Paris  Figaro  has  published  information 
of  an  affair  which  has  already  laid  contribu- 
tion on  financial  circles  in  Paris,  and  has, 
perhaps,  also  occupied  foreign  capitalists.  It 
appears  that  the  matter  at  issue  was  an  al- 
leged invention  of  a  Lyons  workman,  who 
claimed  to  have  discovered  how  to  transmit 
electric  power  by  a  wireless  system.  As  it 
was  to  be  possible  by  means  of  this  discovery 
to  drive  machines  at  any  distance,  it  will  be 
understood  that  the  invention  promised  to 
create  a  revolution  in  technical  work.  In 
fact,  credulous  persons  were  found  who  pro- 
vided money  for  the  establishment  of  an  ex- 
perimental station,  and  who  endeavored  to 
gain  over  large  capitalists  in  favor  of  the 
scheme.  According  to  the  inventor,  a  villa 
near  Marseilles  was  converted  into  a  power 
station,  and  invitations  were  issued  for  the 
attendance  of  a  number  of  bankers  and 
engineers  to  witness  the  proposed  experi- 
ments. Everything  was  kept  as  secret  as 
possible  in  order  to  assure  the  utilisation  of 
the  invention  solely  by  the  participants. 
The  world  was  to  be  surprised,  the 
Paris  paper  declares,  but  in  a  different 
way  from  that  which  was  predicted.  One  of 
the  engineers  present  made  an  examination, 
and  it  turned  out  that  the  table  from  which 
the  inventor  wished  to  transmit  power  into 
the  world  had  by  means  of  concealed  con- 
ductors been  brought  into  connection  with 
the  electric  lighting  mains  of  Marseilles.  The 
power  which  was  apaprently  to  stream  forth 
from  the  mysterious  boxes  on  the  table  was 
simply  produced  by  dynamos  in  the  usual 
way. 
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THE   NEW  YORK   PROBLEM 

One  of  the  easiest  and  one  of  the  common- 
est things  is  the  lamenting  of  our  lack  of  fore- 
sight, or  rather,  the  lack  of  it  by  others  than 
ourselves.  The  shortsightedness  thus  so 
chronically  deprecated  really  does  not  usually 
warrant  either  regret  or  reproach.  We  fail 
to  see  something  far  ahead  just  because  it  is 
not  yet  visible  to  us.  Thus  in  the  building 
of  cities  how  much  of  destroying  and  rebuild- 
ing has  to  be  done  because  of  the  short- 
sightedness of  the  original  planners,  and  yet 
we  must  believe  that  they  looked  ahead  to  see 
as  far  as  they  could  and  successively  did  their 
best. 

In  this  issue  we  speak  of  the  completion 
and  the  putting  into  regular  service  of  a  por- 
tion of  one  of  the  new  systems  of  tunnels 
and  subways  of  Greater  New  York,  to  be  used 
entirely  for  the  local  transportation  of  its  cit- 
izens and  near  neighbors  who  do  business.  <>r 
who  have  their  various  interests  to  prosecute, 
within  its  borders.  This  tunnel  system  is  only 
one  of  many  works  of  similar  character  now 
being,  or  soon  to  be  completed,  and  at  once  to 
be  appropriated  by  the  people  and  to  be  con- 
stantly relied  upon  as  conveniences  or  neces- 
sities  in  the  routine  of  their  daily  lives.  If 
ever  there  was  a  call  for  foresight  it  surely 
must  be  now,  to  recognize  and  to  prepare  for 
the  results  of  the  new  and  permanent  addi- 
tions to  our  popular  facilities  of  communica- 
tion. 

And  yet  who  can  tell  what  will  be  the 
new  perplexities  which  will  develop  from  our 
present  mitigation  of  those  which  have  been 
so  long  familiar?  All  these  transportation  fa- 
cilities are  designed  first  of  all  to  relieve  the 
congestion  of  population.  The  residence  area 
of  the  city  now  so  crowded,  is  to  be  indefi- 
nitely extended  according  to  our  growing 
needs  so  that  all  may  have  room  to  live  and 
move  in  comfort  and  have  good  air  to  breathe. 

That  is  good  so  far  as  it  goes,  and  as  far 
as  we  can  see;  but  what  if  we  are  replaci-ig 
— as  we  are — congestion  by  congestion?  The 
new  congestion  of  the  business,  or,  rather,  the 
office  section  of  the  city  may  not  be  as  bad  as 
the  residence  congestion,  but  still  it  develops 
its  problems.  The  overcrowding  of  the  office 
section  of  the  city  may  not  as  yet  be  recog- 
nized, but  the  process  which  is  distinctly  lead- 
ing towards  it  cannot  long  be  ignored.     The 
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facilities  of  transportation  encourage  the  mul- 
tiplication of  the  tall  office  buildings,  and  these 
develop  continually  the  need  of  increased 
transportation  facilities,  each  perhaps  approx- 
imately keeping  pace  with  the  other,  so  that 
at  the  present  outlook  upon  this  phase  of  it 
no    one    is    seriously    worrying. 

Rut  with  all  the  rushing  and  crowding  and 
the  means  continually  developing  to  make 
more  of  the  same,  the  only  ultimate  result, 
nothing  has  been  done,  nothing  apparently  is 
being  planned  to  be  done  to  provide  increased 
street  area.  The  streets  of  down  town  New 
York  were  planned  for  perhaps  one  per  cent, 
of  the  throngs  of  people  and  the  merchandise 
and  supplies  which  now  have  to  traverse  them, 
and  it  will  not  take  long  to  double  the  traffic 
while  the  streets  spread  no  wider.  An  alarmist 
might  easily  suggest  great  possibilities  of  dan- 
ger which  we  need  not  particularize.  Some 
sudden  alarm  of  sufficient  magnitude  could  pre- 
cipitate a  wild  stampede  in  which  lives  by  the 
hundred  might  be  trampled  out.  There  are 
several  narrow  streets  now  in  which  in  the 
hours  of  the  business  day  all  wheeled  vehicles 
should  he  prohibited. 

Additional  street  accommodation  is  the  ap- 
parently most  urgent  need  of  the  near  future, 
merely  for  the  human  traffic,  while  freight  and 
supplies  are  also  to  be  provided  for,  and  this 
can  only  be  found  underground.  At  present 
additional  subways  coincident  with  the  lines 
of  the  streets  are  the  temporizing  solution,  not 
to  be  seriously  objected  to  as  far  as  they  can 
afford  relief;  but  it  will  be  well  to  begin  to 
consider  the  construction  of  deep  sunk  solid 
rock  tunnels  interfering  with  nothing  in  their 
construction  and  making  short  cuts  in  various 
necessary,  directions.  These,  of  course,  would 
necessitate  a  vast  increase  of  elevator  ser- 
vice, and  there  is  no  reason  why  the  elevator 
might  not  be  used  for  depths  approximating 
the  heights  which  it  now  commands. 


THE  REACH  OF  THE  ROCK  DRILL 

The  rock  drill  was  originally  devised  for  the 
specific  purpose  of  perforating  rock,  usually 
for  the  insertion  of  explosives,  and  it  would 
seem  that  its  originators  had  never  a  thought 
of  its  employment  for  any  other  purpose  than 
that  of  making  holes  in  hard  and  brittle  ma- 
terial. It  was  far  enough  from  perfect  in  the 
beginning    and    many    ingenious    ones    succes- 


sively contributed  to  its  improvement  and  lo 
the  securing  of  the  high  efficiency  ultimately 
attained. 

As  happens  to  men  so  does  it  happen  also 
to  their  instruments  and  agents.  The  achiev- 
ing of  valuable  results  leads  invariably  to  the 
extension  of  the  field  of  employment,  and  the 
doer  of  one  thing  well  is  before  long  promoted 
to  the  doing  of  many  things  often  quite  differ- 
ent from  the  first  employment.  First  of  all, 
the  rock  drill  covered  all  the  original  require- 
ments of  rock  drilling,  being  made  in  all  sizes 
and  with  various  peculiarities  of  detail  to 
suit  the  different  kinds  of  rock  and  the  differ- 
ent conditions  of  working.  Then  besides  the 
drilling  of  round  holes  in  rock  in  any  position 
and  of  any  size  and  depth,  and  often  under 
water  for  the  deepening  of  navigable  channels, 
it  became  a  channeling  machine  in  quite  a  dif- 
ferent sense.  It  was  arranged  to  cut  chan- 
nels or  thin  grooves  in  rock,  and  thus  provided 
the  working  idea,  and  the  means  of  carrying 
it  out,  for  an  entirely  new  and  in  fact  a  revo- 
lutionary system  of  stone  quarrying. 

The  advantage  thus  secured  and  the  econ- 
omy of  material  and  of  labor  permanently 
established  by  the  modern  system  of  stone 
quarrying  are  not  sufficiently  known  or  ap- 
preciated. We  no  longer  attack  a  bed  of  rock 
in  a  careless  and  haphazard  fashion,  putting 
in  holes  without  the  semblance  of  system  and 
then  with  heavy  charges  of  evplosives  knock- 
ing out  shapeless  chunks  of  rock  of  all  con- 
ceivable sizes,  some  of  them  to  be  then  labori- 
ously shaped  to  whatever  dimensions  they 
may  happen  to  come  to,  many  to  be  entirely 
discarded  and  also  vast  quantities  of  material 
cut  away  in  the  shaping  of  those  which  could 
be  made  available.  We  now  work  carefully 
to  dimensions  in  the  act  of  quarrying.  Usually 
there  is  a  level  or  a  vertical  face  to  work  to 
and  then  the  piece  to  be  produced  is  laid  ->ut 
and  is  cut  to  the  size  and  shape  required  right 
in  its  native  bed  with  little  material  wasted  in 
the  finishing,  and  the  rock  is  in  perfect  shape 
and  condition  for  other  cuttings  to  follow. 

Then  there  is  the  line  of  percussion  coal- 
cutting  machines,  another  adaptation  and  an- 
other extension  of  the  employment  of  the  rock 
drill.  These  also  are  of  the  channeling  rather 
than  the  boring  type,  and  they  are  making 
their  own  way,  so  that  the  proportion  of  ma- 
chine-mined coal  is  constantly  on  the  increase 
and  production  is  cheapened. 
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The  sheathing  pile  driver,  another  direct 
■development  of  the  rock  drill,  is  in  a  way  the 
simplest  adaptation  of  the  percussion  principle. 
It  applies  force  without  the  intervention  of 
tools.  It  takes  the  place  of  the  sledge  and  the 
man.  It  saves  only  labor,  but  nowhere,  per- 
haps, has  .any  device  a  chance  to  save  in  such 
a  wholesale  fashion.  It  will  shower  blows 
upon  the  end  of  a  pile  with  such  force  and 
rapidity  that  it  will  do  in  a  minute  as  much 
as  a  man  would  do  in  an  hour,  and  never  stops 
to  rest.  It  thus  by  its  facility  makes  a  way 
for  itself  as  few  devices  have  had  the  oppor- 
tunity to  do,  and  it  is  sure  of  its  job  with 
the  modern  engineer. 

And  now  we  come  around  to  a  curious  de- 
velopment, in  that  through  the  pneumatic  tool 
the  rock  drill  comes  around  to  its  original 
employment  again.  The  so-called  "hammer 
drill"  which  is  now  in  highest  favor  with 
miners  for  "stoping  work"  is  purely  and  sim- 
ply a  "pneumatic  tool,"  the  drill  bit  being 
forced  constantly  against  the  rock  instead  of 
reciprocating  as  in  the  "rock  drill." 


CORRESPONDENCE 

The  following  comes  to  us  from  London : 
Editor  Compressed  Air: 

Possibly  the  following  may  amuse  you,  as 
it  certainly  did  the  writer.  Happening  some 
little  time  back  into  the  Machinery  Exhibi- 
tion then  being  held  at  Olympia  in  this  city, 
the  writer  noticed  a  rather  extraordinary-look- 
ing rock  drill,  and  stopped  to  ask  the  man  in 
charge — who  spoke  with  a  broad  Nottingham 
accent  which  an  American  typewriter  can 
hardly  be  expected  to  reproduce — for  some 
particulars. 

"This  'ere  is  the  Blankshire  petrol  drill, 
laad." 

"Blankshire  drill,  is  it?  And  what  does  the 
Blankshire  drill  do?" 

"Ah'll  tell  thee  what  it's  a-goin'  to  do,  laad ; 
it's  a-goin'  to  knock  out  arl  other  drills  on  th" 
market,  that's  what  it's  a-goin'  to  do." 

"And  how  it  it  going  to  do  that?" 

"  'Cos  it  'its  'arder  and  'eavier  than  any 
on  'em,  and  runs  cheaper." 

"Sold  any  of  them  yet?" 

"No,  laad,  there  ain't  been  none  of  'em  sold 
yet;  but  that  don't  matter.  It's  the  comin' 
drill,    this    is.      Arl    the    others    is    a-goin' — 


Hingersolls  and  Rands  and  arl,  arl  of  them's 
a-goin',  and  this  'ere  drill  is  a-comin'.  Com- 
pressed hair's  a-goin'  too — what's  the  good  of 
buying  a  .  .  .  hair-compressor  when  you 
can  run  a  drill  on  petrol  ?" 

"Bad  news  for  the  Compressed-air  people, 
isn't  it?" 

"Can't  'lp  their  .  .  .  troubles,  laad; 
they're  a-goin',  they  are." 

"Well,  I'd  like  to  see  your  drill  working ; 
can't  you  start  her  up?" 

"Ah'm  sorry,  laad,  but  Ah  can't  run  her  in 
'ere — there's  a  lot  of  these  'ere  people  would 
be  objecting  to  the  smell  of  her,  and  the  fumes 
of  the  petrol,  and  what  not." 

"Hum — then  perhaps  there's  some  hope  for 
the  compressed-air  people  after  all.  How  are 
you  going  to  manage  about  the  fumes,  and 
what  not,  when  you  get  her  running  under- 
ground ?" 

At  this  point  the  demonstrator  dropped 
his  voice  into  a  hoarse  roar  that  was  evidently 
meant  to  be  a  confidential  whisper,  and  said, 
"Look  'ere,  my  laad ;  seems  you  know  summat 
abaht  these  'ere  things,  and  Ah'll  tell  'ee 
summat — this  'ere  bloody  drill  ain't  meant  for 
underground !" 

So  that  even  when  the  Blankshire  drill  is 
perfected — if  it  ever  is — there  will  still  be  some 
little  field  for  compressed  air. 

A.  B. 


FLOW  OF  AIR  IN   PIPES 

Editor  of  Compressed  Air: 

Mr.  John  J.  Smith,  in  the  August  number 
of  Compressed  Air,  criticised  the  formula  for 
the  flow  of  air  in  long  tubes,  which  appeared 
in  an  article  by  me  in  the  April  number  of 
your  magazine,  as  "somewhat  long  and  com- 
plicated." He  quotes  a  formula  by  J.  E. 
Johnson,  Jr.,  published  in  the  American  Ma- 
chinist, in  July,  1899,  which  he  considers  sim- 
ple.    It  is  as  follows: 

p\— p2,=- — 
d6 

I  will  show  that  this  is  only  a  special  case  of 
the  fundamental  formula  for  the  flow  of  air 
in  long  pipes,  first  developed  by  Prof.  Un- 
win  as  early  as  1875.  Referring  to  my  arti- 
cle in  Compressed  Air,  for  April,  1907,  p. 
441 1,  the  fundamental  formula  is  as  follows: 
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u1=/427i 
V 


T  d  p2  — p2 


(i) 
f  L      p\ 

i   which   u^Initial    velocity   in   feet  per    sec- 
i  ind, 
L=Length  of  pipe  in  feet, 
T=Absolute  temperature  of  the  air 

in   degrees   Fahrenheit, 
d=Diameter  of  the  pipe  in  feet, 
pi  =  Initial   absolute   pressure, 
p2=Final  absolute  pressure, 
^Coefficient  of  friction. 

Transforming  this   equation. 

u=,  f  L 


which  may  be  written 
f  c 


427J86T6 

I  pW.d4 


P"X— P"2=      I-  (3) 

4-7.86  T||  c  I  d5 
If  the  coefficient  of  friction  be  considered 
constant — which  it  is  not,  for  all  experiments 
of  sufficient  rang«  and  accuracy  show  that  it 
varies  with  the  diameter  of  the  pipe,  and 
probably  varies  with  the  velocity  of  the  air 
— and  if  the  temperature  of  the  air  be  also 
considered  constant— although  we  know  that 
it   may   vary  twenty   per  cent,   or  more — then 

f  c 

427.86  T 
is  constant  and  may  be  written=K. 

If  the  volume  of  free  air  flowing  per  second 
be  V,  then 

u,  n  d2  p, 


V= 


:■ 


147 


=  p,  u,  d2 
Vc 


and 


v2= 


p2,  u2,  d4 


This   value   of    V2   is    the    second    factor   in 
equation  (3). 

Substituting  we  have 

KV2L 

P\— P*2= (4) 

d5 

which  is  the  formula  quoted  by  Mr.  Smith. 
So  long  as  K  is  treated  as  a  constant,  this 
formula  can  only  be  correct  for  one  tempera- 


ture, one  size  of  pipe,  and  probably  one  air 
velocity. 

Furthermore,  this  is  not  a  convenient  form- 
ula for  most  cases  in  ordinary  practice,  sim- 
ple as  it  may  seem  at  first  sight.  What  we 
usually  want  to  know  is  the  loss  of  pressure 
due  to  friction  of  the  pipe,  or  Pi — P2.  This 
formula  gives  the  difference  of  the  squares  of 
the  pressures.  If  we  solve  it  for  Pi — P2,  it 
does  not  appear  so  simple,  thus: 

KV2L 
P2,— P22= 


/ 
P2=VPV 


KV2L 
d° 


•      / 
P-P3=P-VP\- 


KV2L 
d8 


A  better  formula  is  obtained  by  solving  the 
fundamental  equation  (1)  for  Pi — P2  as  fol- 
low s : 


/ 

u,=V. 

T  d    p\-p22 
1""7  86 

f  L       p2, 

transforming 

p2—  p%       u2,- f  L 

p2,            427.86  Td 

/          u2,  f  L 

Pu  —  Pi     VI 

427.86  Td 

/         ir,  f  L 
1     'i 

Pi        P.- Pi 

V           427.86  Td 

(6) 


This  formula  gives  the  loss  of  pressure  di- 
rectly, and  takes  into  consideration  the 
temperature  of  the  air.  The  value  of  the  co- 
efficient can  be  found  for  any  size  pipe  by 
Prof.   Unwin's   formula 


f=.0027 


1+  — i 

10  d| 


(7) 


made  by  numerous  experimenters  under  a 
great  variety  of  conditions  to  be  quite  ac- 
curate. 

In  conclusion,  we  fail  to  see  the  "extreme 
simplicity  of  the  formula"  quoted,  and  the 
credit  of  being  the  first  to  develop  a  correct 
and  rational  formula  does  not  belong  to 
Prof.  Church,  nor  to  Mr.  Johnson,  but  to 
Prof.  Unvvin,  as  I  pointed  out  in  a  former 
communication. 

B.  C.  BATCHELLER. 
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[The  following  letter  was  received  recently. 
For  obvious  reasons  the  name  and  address  of 
the  writer  cannot  at  present  be  revealed.] 
Editor  Compressed  Air: 

I  have  recently  gotten  up  a  new  invention, 
a  self  compressing  air  engine.  I  claim"  to 
.have  discovered  a  way  by  which  air  can  be 
compressed  for  all  power  purposes  without  the 
aid  of  any  other  engine  or  the  use  of  any  coal. 
I  have  made  drawings  of  my  invention  which 
will  plainly  show  its  outlines  and  the  plan  of 
its  construction,  so  as  to  prove  what  I  claim 
for  it. 


QUESTIONS  AND  ANSWERS 

I.  W.  W.,  Queensville,  Ont.  0. :  Will  you 
kindly  tell  me  if  there  is  a  machine  made 
which  will  convey  the  exhaust  air  from  fti 
air  motor  back  into  the  tank  from  which  the 
compressed  air  issues  that  actuates  the  motor? 
A.:  There  is  no  machine  in  existence  which 
recompresses  and  returns  the  exhaust  air  to 
the  receiver.  Some  perpetual  motion  cranks 
have  suggested  such  a  scheme,  but  it  of  course 
has  come  to  nothing.  It  would  be  found  that 
before  the  air  was  returned  to  the  receiver 
at  its  former  pressure  more  than  one  half 
of  the  original  power  would  be  lost,  even  if 
the  motor  did  no  other  motoring. 


NEW  BOOKS 

Hydraulic  Engineering,  by  Gardner  D.  His- 
cox,  New  York,  The  Norman  W.  Henley  Pub- 
lishing Company.  315  pages  6x9  inches,  300 
illustrations  .and  36  tables.  Price  $4.00.  This 
handsomely  printed  book  is  not  a  work  of 
original  research  nor  an  exhaustive  treatise 
upon  hydraulics  and  engineering,  but  is  really 
broader  in  its  reach,  as  better  indicated  by 
its  subtitle,  it  being  "  a  treatise  on  the  pro- 
perties, power  and  resources  of  water  for  all 
purposes."  It  is  a  compilation  of  various  in- 
formation upon  the  general  topic,  much  of  it 
from  sources  not  generally  available.  Two 
of  the  most  important  chapters  in  the  book 
have  to  do  with  the  Air-Lift  and  the  Hy- 
draulic Air  Compressor. 


fully  printed  and  illustrated  catalog  treats  of 
an  important  and  widely  serviceable  line  of 
air  compressors  built  by  the  company.  Both 
horizontal  and  vertical  machines  are  shown, 
the  free  air  capacities  covering  from  500  cubic 
feet  per  minute  down  to  8  feet  or  less,  while 
the  pressures  range  from  the  lowest  up  to  the 
highest  ever  practically  employed.  The  drive 
may  be  either  by  belt,  chain  or  gear,  a  con- 
stantly growing  practice  being  the  use  of  an 
electric  motor  mounted  upon  the  machine  base. 
Sheet  Pile  Drivers,  Form  478  Ingersoll 
Rand  Company,  New  York,  12  pages  6  by  9 
inches.  Perhaps  no  other  developement  of  the 
percussion  rock  drill  is  finding  its  field  of  em- 
ployment so  rapidly  and  so  widely  extending 
as  the  apparatus  here  discribed.  The  sheet 
pile  driver  is  becoming  one  of  the  most  im- 
portant adjuncts  of  the  modern  engineer.  Tt 
comes  in  for  trench  excavation,  in  sinking  cof- 
ferdams, shaft  sinking,  building  tunnel  ap- 
proaches, retaining  walls,  in  canal  work,  in 
dam  construction  or  wherever  soft  or  move- 
able material  is  to  be  fastened  either  per- 
manently or  pending  other  operations.  The 
pamphlet  is  full  of  information  and  sugges- 
tion. 


ARTIFICIAL  ICE 


TRADE  PUBLICATIONS 

Small  Power  Driven  Air  Compressors. 
Form  E  36,  Ingersoll  Rand  Company,  New 
York,  48  pages  6  by  9  inches.     This   beauti- 


There  are  purists  who  object  to  the  above 
as  applied  to  real  ice  produced  by  artificial 
means.  It  happens  to  be  the  most  convenient 
and  we  think  also  the  most  obvious  designa- 
tion, and  it  also  has  full  dictionary  warrant. 
We  quote  from  the  Standard  Dictionary  its  first 
and  principal  definition  of  "artificial,"  as  fol- 
lows : 

"Artificial,  a.  1.  Produced  or  composed  by 
art  rather  than  by  nature,  but  of  the  same 
materials,  and  with  the  same  or  nearly  the 
same  result ;  manufactured :  distinguished  from 
imitation;  as,  artificial  rubies  (real  rubies  pro- 
duced chemically)  ;    artificial  ice." 

The  following  quotation  is  given  by  the  dic- 
tionary in  illustration  : 

"The  invention  of  artificial  light  has  extend- 
ed the  available  term  of  life.  Draper  Intell. 
Devel.  Europe." 

To  give  way  to  the  unwarranted  demands 
of  the  finical  in  language  usage  is  to  add  to 
our  cowardice  and  to  their  conceit,  neither  of 
which  results  is  much  to  be  desired. 
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WESTINGHOUSE  ALL  RIGHT 

I  have  much  pleasure  in  being  able  to  not- 
ify the  clients  and  other  friends  of  The  West- 
inghouse  Machine  Company  that  the  receivers 
appointed  October  23,  1907,  by  the  Circuit 
Court  of  the  United  States  for  the  western 
district  of  Pennsylvania,  were  on  March  ,31. 
1908,  discharged  by  the  same  authority.  All 
of  the  matters  which  made  a  temporary  re- 
ceivership expedient  have  been  satisfactory  ar- 
ranged, and  the  Company's  position  is  greatly 
-strengthened  from  every  standpoint. 

All  contracts  made  by  the  receivers  for  the 
sale  of  the  Company's  products,  or  for  the 
purchase  of  materials  or  merchandise  will  be 
carried  out  as  though  made  by  the  Company's 
own  officers. 

I  take  this  occasion  to  announce  the  election 
of  Mr.  William  H.  Donner  as  the  Vice  Pres- 
ident of  the  Company  in  direct  responsible 
charge  of  all  of  its  activities,  and  to  give  the 
assurance  of  the  continuance  and  accentua- 
tion under  Mr.  Dormer's  administration  of 
that  steadfast  policy  whereby  the  clients  of 
The  Westinghouse  Machine  Company  have 
become  friends  as  well  as  customers. 

GEO.  WESTINGHOUSE, 

President. 


stream  of  water  flowing  across  the  top  of 
the  tank  carries  off  into  hoppers  practically 
all  the  available  fuel  in  the  form  of  almost 
pure   carbon. — Saturday   Evening   Post. 


COMPRESSED  AIR  IN   COAL  WASHING 

A  coal  washing  plant  consists,  primarily,  of 
a  great  tank  full  of  water.  Into  the  top  of 
this  tank  is  dumped  powdered  coal  from  the 
culm  heaps.  Mixed  with  the  coal  are  large 
quantities  of  comminuted  slate  and  other  im- 
purities, the  presence  of  which  makes  the 
culm  useless  as  fuel.  While  the  coal  itself 
is  slightly  heavier  than  water  all  the  impuri- 
ties are,  fortunately,  still  heavier.  On  this 
fact  is  based  the  practical  working  of  the 
washing  tank.  Left  to  itself  the  whole  mass 
of  powder  would  sink  to  the  bottom  of  the 
tank,  the  particles  of  coal  sinking  consider- 
ably slower  than  the  adulterants.  At  this 
point  the  trained  scientific  knowledge  of  the 
German  inventor  took  command.  From  the 
bottom  of  the  tank  he  discharged  upward  into 
the  water  small  currents  of  compressed  air  of 
just  sufficient  strength  to  overcome  the  slight 
tendency  of  the  coal  particles  to  sink.  So 
the  coal  is  kept  on  the  top,  while  the  heavier 
bits  of  slate  and  other  impurities  still  sink 
slowly  down  to  the  bottom.     And  a  constant 


AUTHORS  HAVE  THEIR  TROUBLES 

In  announcing  the  appearance  of  Vol.  VII. 
of  the  annual  "Cooper  Handbook"  Horace 
J.  Stevens  of  Houghton,  Michigan,  says,  with 
becoming  frankness :  "I  deem  it  but  fair  to 
advise  you  that  the  revision  of  the  book  from 
Vol.  VI.  has  not  been  complete.  Owing  to  an 
unfortunate  train  of  mishaps,  including  fire, 
Pasteur  treatment  on  account  of  the  bite  of 
a  rabid  cat,  blood-poison,  three  surgical  opera- 
tions and  a  number  of  minor  mishaps,  not 
helped  by  the  panic  and  several  printer's 
strikes,  so  much  time  was  lost  that  it  was 
impossible  for  me  to  revise  the  detailed  mine 
descriptions  in  Chapter  XV.  of  Vol.  VI.  Every- 
thing else,  however,  has  been  revised  most 
thoroughly."  Concluding  his  circular,  Mr. 
Stevens  says :  "I  am  sorry  to  send  out  a 
book  not  entirely  revised,  but  the  loss  of  five 
month's  time,  about  $20,000  in  cash  and  a 
square  foot  of  skin  interfered  with  my  pre- 
vious plans." 


TRANSPORTATIONOF  LIQUID  AIR 

Liquid  air  has  become  in  Europe  a  recog- 
nved  article  of  merchandise,  and  a  recent 
international  convention  to  fix  the  conditions 
of  transportation  of  various  forms  of  mer- 
chandise has  admitted  liquid  air  as  railway 
freight   subject  to   the   following  conditions: 

Liquid  air  is  admitted  as  freight  when  con- 
tained in  bottles,  surrounded  with  felt  and 
closed  with  a  felt  stopper  allowing  escape  of 
the  gas  without  producing  high  pressure  in  the 
irterior  or  letting  the  liquid  run  out.  This 
feit  stopper  must  be  so  fixed  that  the  bottle 
will  not  be  emptied  if  it  upsets.  Each  bottle, 
or  several  bottles  together,  must  be  protected 
against  shocks  by  a  crate  of  iron  wire  or  some 
oilier  similar  recipient.  These  crates  must  be 
carried  either  in  metal  chests  open  at  the  top 
or  protected  by  a  grated  or  perforated  cover, 
or  in  wooden  cases  marked  "liquid  air,"  "top," 
"bottom,"  "very  fragile."  These  receptacles 
should  contain  no  easily  inflammable  packing, 
such  as  sawdust,  excelsior,  peat,  straw,  or. 
bran.  Chests  or  cases  must  be  quite  tight 
below,  up  to  a  height  so  great  that,  in  case  of 
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breakage  of  the  bottles,  no  liquid  can  run  out. 
The  cases  must  be  placed  in  the  cars  in  such 
a  manner  that  they  can  not  fall  or  be  upset, 
and  so  that  the  bottles  stand  upright  and  can 
not  be  injured  by  other  freight.  Xo  substance 
easily  inflammable  in  small  pieces  or  in  the 
liquid  state  may  be  packed  in  the  immediate 
neighborhood  of  the  liquid  air.  Instead  of 
glass  double-walled  bottles,  covered  with  felt, 
other  recipients  may  be  employed,  always  on 
condition  that  they  be  so  protected  that  they 
can  become  coated  neither  with  dew  nor  with 
frost.  If  these  receptacles  are  strong  enough 
and  can  stand  upright,  they  need  not  be  sur- 
rounded by  wire  crates  or  be  protected  in  any 
other  way. — Translation  made  for  The  Liter- 
ary Digest. 


$25,000  PRIZES  FOR  A  ROCK  DRILL 
CONTEST 

The  recent  rock  drill  contest  conducted  by 
South  African  Mines,  and  the  continuing  de- 
mand for  better  rock  drill  efficiencies  and  con- 
veniences, has  stimulated  the  Transvaal  Gov- 
ernment, in  connection  with  the  Johannesburg 
Chamber  of  Mines  to  announce  another  con- 
test, allowing  about  a  year  for  preparation, 
for  the  best  practical  small  rock  drill.  Two 
prizes  are  to  be  offered,  one  of  £4,000  and 
one  of  £1,000,  the  conditions  of  the  contest 
and  all  details  to  be  settled  by  a  committee 
of  engineers  nominated  jointly  by  the  Gov- 
ernment and  the  Chamber.  Not  less  than 
£250  additional  will  be  available  for  the  men 
who  operate  the  drills.  It  is  understood  that 
the  trials  will  be  severe  and  protracted,  but 
as  near  actual  working  conditions  as  possible. 


Vacuum  cleaning  for  household  use  has  been 
rapidly  on  the  increase  in  the  past  year  or 
two.  One  can  now  find  on  the  market  electric 
motor  driven  apparatus  all  the  way  from  a 
light  portable  apparatus  weighing  only  70  lb., 
using  a  one-sixth  horse-power  motor  and  cost- 
ing about  $125,  up  to  large  stationary  plants 
employing  motors  from  5  horse-power  up,  and 
costing  many  hundreds  of  dollars.  The  ma- 
chines range  all  the  way  from  those  produc- 
ing a  very  small  vacuum  and  moving  a  con- 
siderable volume  of  air  up  to  others  maintain- 
ing 15  in.  vacuum,  which  will  pull  the  dust 
clear  through  an  ordinary  rug. 


SPRING  MEETING  OF  THE  MECHAN- 
ICAL  ENGINEERS 

The  Semi-Annual  Meeting  of  The  American 
Society  of  Mechanical  Engineers  will  be  held 
in  Detroit,  Michigan,  June  23-26.  Among  the 
papers  to  be  presented  at  this  session  are  "A 
Method  of  Cleaning  Gas  Conduits,"'  by  W.  D. 
Mount;  "A  Method  of  Checking  Conical  Pis- 
tons for  Stress,"  by  Prof.  George  H.  Shep- 
ard ;  "Clutches"  with  special  reference  to  a  1- 
tomobile  clutches,  by  H.  Souther ;  "Horse- 
Power,  Friction  Losses,  and  Efficiencies  nf 
Gas  and  Oil  Engines,"  by  Prof.  L.  S.  Marks ; 
"Some  Pitot  Tube  Studies,"  by  Prof.  W.  D. 
Gregory ;  "The  Thermal  Properties  of  Super- 
heated Steam,"  by  Prof.  R.  C.  H.  Heck;  "A 
Journal  Friction  Measuring  Machine,"  by 
Henry  Hess ;  "A  By-Product  Coke  Oven," 
by  W.  H.  Blauvelt;  "Tests  of  Some  High 
Speed  Steam  Engines,"  by  F.  W.  Dean.  There 
will  be  a  symposium  upon  machinery  for  con- 
veying materials,  with  papers  by  several  au- 
thorities. The  Society  for  the  Promotion  of 
Engineering  Education  and  the  Society  of  Au- 
tomobile Engineers  will  also  hold  their  an- 
nual meeting  in  Detroit  at  this  time,  which 
will  enable  members  of  each  Society  to  par- 
ticipate in  the  sessions  of  the  other. 
NOTES. 


AIR    LIFT  WITH    ELECTRIC  MOTOR 

The  air  lift  has  never  had  any  great  claims 
for  economy  made  for  it,  but  it  certainly  elim- 
inates much  of  the  uncertainty  of  service  and 
expense  of  repairs  to  apparatus  which  operates 
deep  in  a  well,  because  all  of  the  moving 
machinery  is  entirely  outside  of  the  well.  As- 
suming that  a  central  station  company  is  able 
to  do  all  of  its  pumping  from  a  well  at  times 
when  it  has  ample  engine  and  generator  capac- 
ity, the  question  of  the  inefficiency  of  the  air 
lift  in  a  small  central  station  need  not  cause 
much  concern.  If  the  air  compressor  is  oper- 
ated either  by  a  belt  from  an  engine  used  to 
drive  a  generator,  or  by  a  motor  from  the  gen- 
erator, it  will  usually  cause  a  surprisingly 
small  increase  in  the  coal  consumption.  The 
reason  for  this  is  that  many  of  the  fixed 
looses  in  the  engine  and  boiler  plant  are  so 
large  on   light  loads  that  a   small  addition  to 
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the    load    does    not   make   a   proportionate    in- 
crease in  the  coal  bill. 


In  a  small  plant,  where  it  is  desirable  to 
keep  the  investment  down,  the  air  compressor, 
which  can  so  easily  be  adapted  either  to  motor 
or  engine  drive,  has  strong  claims  for  recogni- 
tion.— Electrical  World. 


ing  were  in  general  use,  and  the  results  of 
their  adoption  were  the  lessening  of  the  heavy 
manual  labor  and  substantial  increases  of  the 
workmen's  earnings,  together  with  improved 
workmanship.  On  this  side  of  the  Atlantic 
they  had  had  experience  of  the  calking  and 
cutting  tools;  but,  from  some  inexplicable  rea- 
son, a  dead-set  had  been  made  against  them 
by  the  men  for  riveting.  He  was  certain  were 
they  given  an  honest  trial  there  would  be  a 
great  advantage. 


FOR     RAISING     SUNKEN     OR 
STRANDED    SHIPS 

A  new  system  employing  compressed  air  for 
raising  sunken  ships  is  named  the  Fearon. 
The  method  by  which  the  air  vessels  are  fixed 
to  a  ship  is  its  most  striking  feature.  To 
begin  operations  two  or  three  air  vessels  are 
fixed  to  the  forward  portion  of  the  submerged 
boat,  and  when  these  are  inflated  that  end 
rises  so  that  divers  can  begin  operations. 
They  fix  a  tackle,  consisting  of  wire  rope, 
rings,  etc..  which  covers  the  sides  of  the  ship 
with  a  network  to  which  air  vessels  can  then 
be  attached.  These  are  then  inflated  and  the 
ship  rises.  This  system  is  only  applicable 
where  a  diver  can  work.  The  air  vessels  are 
made  of  canvas  and  india-rubber  or  "diver's" 
cloth."  By  this  arrangement  a  vessel  may 
be  provided  with  a  complete  air  belt  of  any 
required  capacity. 


A  CLYDE  SHIPBUIDER  ON   PNEU- 
MATIC TOOLS 

Mr.  John  Ward,  president  of  the  Scottish 
Institution  of  Engineers  and  Shipbuilders,  m 
a  recent  address  said  that  in  the  open  market 
for  new  ships  the  most  dreadful  competition 
that  had  ever  been  seen  had  taken  place  within 
the  last  year  or  eighteen  month,  and  was  still 
going  on.  Shipbuilders  openly  acknowledged 
that,  so  far  from  profit  being  an  object,  it  had 
disappeared  into  the  background,  and  that  now 
they  looked  upon  it  as  a  necessity  to  keep 
their  places  going  at  any  cost.  And  while 
this  was  so  at  home,  Germany  and  America 
were  rapidly  pulling  up  on  them,  and  had  pro- 
duced some  fine  work  during  the  past  year. 
In  the  latter  country,  which  he  had  visited, 
pneumatic  tools  for  calking,  cutting  and  rivet- 


NOTES 

The  new  British  turbine  torpedo  boat  des- 
troyer Tartar  on  her  recent  trial  attained  a 
speed   of  35.92  knots  per  hour — 41.39  miles. 


Lester  A.  Peltori,  inventor  of  the  Pelton 
waterwheel,  died  at  Oakland,  California, 
.March  15th,  78  years  old.  Mr.  Pelton  was 
born  in  Ohio  and  went  to  California  in  the 
rush  of  '49,  Mis  wheel  was  first  used  in  gold 
mining  operations  in  California,  and  its  name 
has  become  typical  of  impulse  wheels  in  gen- 
eral, especially  those  using  great  pressures. 


"High  pressure  air  pipe  lines,  though 
smaller  in  diameter,  require  more  care  to  keep 
them  tight  than  lines  for  low  pressure."  A 
little  more  care  may  be  required  when  con- 
necting pipes  for  high  pressure  to  make  sure 
that  they  are  tight,  but  practically  no  care  is 
ordinarily  required  to  keep  them  tight".  If 
leaks  exist,  however,  they  may  be  expected 
always  to  enlarge,  the  process  continuing  with- 
out limit. 


The  old  Port  Royal  mine  of  the  Pittsburg 
Coal  Co.  is  to  be  emptied  of  the  water  that 
has  filled  it  for  years.  Three  ten-inch  holes 
are  being  drilled  from  the  surface  to  the  inter- 
ior of  the  mine,  a  distance  of  365  feet,  and  in 
each  will  be  placed  a  six-inch  discharge  pipe. 
Each  of  these  discharge  pipes  will  be  capable 
of  discharging  2,000,000  gallons  of  water  per 
day  by  the  air  lift  process,  all  of  which  will 
be  emptied  into  the  Youghiogheny  river. 
When  the  drill  penetrated  the  old  workings, 
the  pressure  of  the  gas  threw  the  water  as 
high   as   the   derrick. 
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Karl  Lanz,  a  merchant  of  Mannheim,  has 
handed  over  to  the  German  Aeroplane  Club 
$10,000  to  found  a  prize  to  be  contested  for 
by  aeroplanes  heavier  than  air.  The  aero- 
planes must  be  constructed  by  German  builders 
in  Germany,  and  be  propelled  by  home-made 
motors.  The  competition  will  be  held  over 
the  Tempelhof  parade  ground.  Herr  Lanz 
has  given  also  $2,500  to  help  poor  German 
aeroplane  inventors. 


In  order  to  ascertain  what  really  takes  place 
when  coal  is  submitted  to  a  moderate  rise 
of  temperature  with  limited  access  of  air  in 
closed  vessels,  Dr.  Habermann  some  time  ago 
carried  out  a  series  of  experiments  at  Munich 
with  different  kinds  of  coal,  which  were  broken 
up  into  small  fragments  about  the  size  of 
peas,  and  kept  for  eight  days  in  iron  retorts 
heated  to  a  temperature  of  142  degs.  Cent. 
(287  F.)  ;  two  1*4  air  pipes  were  inserted  near 
the  bottom  of  the  retort,  but  there  was  no 
other  opening.  Some  kinds  of  coal  heated 
rapidly  and  ultimately  reached  a  tempera- 
ture of  350  degs.  Cent.  (662  F.),  but  with  other 
descriptions  of  coal  the  rise  in  temperature 
was  less  marked. 


Gas  in  a  tunnel  of  the  Pennsylvania  Rail- 
road under  the  City  of  Baltimore,  in  March, 
caused  the  death  of  four  workmen  by  suf- 
focation and  rendered  unconscious  a  score  of 
others  who  revived.  The  tunnel  is  the  most 
northerly  one  of  those  carrying  the  allied 
Pennsylvania  lines  under  the  city.  It  is  more 
than  half  a  mile  long,  for  two  track  travel, 
being  27  feet  wide  and  22  feet  above  the  rail. 
There  was  a  15  foot  electric  driven  ventilat- 
ing fan  near  the  middle  of  the  tunnel,  but 
two  or  three  days  before  the  accident  this 
fan  was  stopped  for  repairs.  When  the  men 
were  sent  in  to  perform  necessary  tunnel  work 
the  gas  had  accumulated  to  such  an  extent 
that  the  men  were  overcome  as  above  stated. 


has  begun.  The  mine  shaft  had  filled  with 
water  to  a  depth  of  900  feet  above  the  point 
where  it  was  tapped  by  the  tunnel.  The  tun- 
nel will  take  care  of  the  water  by  the  natural 
gravity  system  above  the  1,700-foot  level  of 
the  mine  and  below  that  level  it  will  be 
pumped  to  the  tunnel  and  allowed  to  flow- 
out.  The  completion  of  the  enterprise  will 
effect  a  great  saving  to  the  company  in  the 
operation  of  the  mine.  The  distance  from 
the  mouth  of  the  tunnel  to  where  it  inter- 
sects the  shaft  is  5,560  feet,  or  more  than  a 
mile.  The  work  was  begun  March  21,  1906. 
After  the  mine  is  unwatered  mining  opera- 
tions upon  an  extensive  scale  will  be  com- 
menced. 


The  famous  Iron  Mountain  tunnel  has  re- 
cently been  completed,  and  the  unwatering  of 
the  old  Iron  Mountain  mine  in  western  Mon- 
tana by  means  of  drainage  through  the  tunnel 


LATEST    U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  patent  may 
be  obtained  by  sending  five  cents  {not  stamps)  to  the 
Commissioner  of  Patents,  Washington,  D.  C. 

MARCH    3. 

880,570.  COMPRESSED-AIR  LIQUID-ELEVA- 
TOR.    John  H.   Phillips,   Pottsville,   Pa 

880.595.  PNEUMATIC-DESPATCH-TUBE  AP- 
PARATUS.      Charles    P.     Stoddard,    Boston, 

A I ;  t  s  s 
880.607.'      PNEUMATIC   MOTOR  FOR  ADDING 
MACHINES.     Charles   Wales,   Detroit,   Mich 
880.698.       ACETYLENE-GAS  GENERATOR 

Harvey  S.    Stoner  and   Burton   Stoner,   Mas- 
sillon,   Ohio. 
880,731.     AIR-COMPRESSOR.     George  F.  Hall. 
Jersey  City,  and  Benjamin  Albertson,  Manto- 
loking,  N.  J. 
880,746.        AIR-PUMP.        Joseph      B.      Meriam. 

Cleveland,    Ohio. 
880,763.  ACETYLENE-GAS       GENERATOR. 

Harvey   S.   Stoner  and   Burton   Stoner,   Mas- 
sillon,   Ohio. 
880,815.  STORED    -    PRESSURE         MOTOR- 

STARTING     DEVICE.       Edward     P.     Notes, 
Winchester,  Mass. 
880.824.        VALVE      MECHANISM      FOR      EN- 
GINES    AND     COMPRESSOR.        Sidney     A. 
Reeve,   Worcester,   Mass. 
880,881.       PNEUMATIC    AND    OTHER    DRILL. 
Martin  Hardsocg,   Ottumwa,  Iowa. 
1.   A  shank  for  a  pneumatic  tool,   formed  of  a 
base,    a   curved   wing   extending   from    each    side 
edge  of  the  base  on  one  face  thereof,  with  the 
abutting    ends    of    the    curved    wings    in    contact 
and    forming,    with    the    base,    a    passage    longi- 
tudinally of  the  shank,  a  central  rib  on  the  base, 
and   a   curved   wing   on    each   side   of   the   center 
of  the  base,  with  the  abutting  edges  of  the  wings 
in  contact  and  forming,  with  the  base,  a  passage, 
each    passage    extending    longitudinally    of    the 
shank   and   one  passage   furnishing  a  means   for 
admitting  a   cooling  medium   to   the   cutting   end 
of   the  tool,   and   the   other  passage  furnishing  a 
means    for   withdrawing   dust   and    fine   particles 
from    around    the    cutting    end    of    the    tool,    sub- 
stantially as  described. 

881,040.        COMPRESSOR      FOR      INTERNAL- 
COMBUSTION  ENGINES.     Harry  W.  Adams. 
Fargo,    N.    D. 
881.059.      ROCK-DRILL.      Henry    J.    Cook,    Ot- 
tumwa,  Iowa. 
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1.  In  a  rock-drill,  a  casing  having  a  tubular 
drill  stem  mounted  at  one  end,  an  air-propelled 
hammer,  a  striking-head  mounted  between  the 
hammer  and  the  drill-stem  having  a  hole  therein 
•that  registers  with  the  hole  in  the  drill-stem, 
and  a  hose  connection  secured  to  said  striking- 
head  and  communicating  with  the  hole  therein. 
substantially   as   shown    and    described. 


MARCH     10. 


Wills 


S81.116.       AIR     OR    VACUUM     PUMP. 

M.    Fleming,    Holyoke,    Mass. 
SM.1TK.       APPARATUS    FOR    THE    LIQUEFA- 

CATION    OF    AIR.      Georges    Claude,    Paris. 

France. 
881,195.        SIGHT-GLASS     AND     SEPARATOR 

FOR  PNEUMATIC  RENOVATORS.     William 

F.   Moughler,  Toledo,   Ohio. 
881,327.       AIR-SHIP.      John    W.    Montgomery. 

Columbus,   Ohio. 
881,351.       VACUUM-PAN.       Alonzo    P.     Smith, 

Philadelphia,    Pa. 
881,431.       APPARATUS     FOR    CARBURETING ; 

AIR.      Charles    L.    Meyer    and    Nicholas    P. 

Hickey,    Detroit,    Mich. 
8S1.498.     AIR-COMPRESSOR.      John    Sturgess. 

Trov,    N.   Y. 
881,516.      ANNULAR   VALVE   FOR   COMPRES- 
BLOWING-ENGINES.       AND       THE 
Jean    A.     Willaredt,     Brussels,     Bel- 


SORS, 
LIKE, 
gium. 


AIR-EXHAUSTING  LIQUID-SUPPLY 
APPARATUS.  Charles  A.  Claflix.  Med- 
ford.   Mass. 

881.836.  WING     FOR     FLYING-MACHINES. 
Everett    E.    Warner,    Hartford,    Conn. 

851.837.  AEROPLANE.      Gustave   Whitehead. 
Bridgeport.   Conn. 

sv].\s:,.     AIR   MOTOR.     Lewis  B.   Doman.    El- 
bridge,  N.  Y. 

MARCH     17. 

882,085.         FLUII'-rRKSSURE      GENERATOR. 

Marion  Warren,   Rochester,   N.   Y. 
882,189.     FLYING-MACHINE.  Edwin  L.  Drake, 

Winchester,   Tenn. 
882,215.       TIRE-PUMP.       William     S.     Stapley. 

Bridgeport.   Conn. 


882,219.  VENTILATING  SYSTEM  FOR  ROOMS 
AND  THE  LIKE.  Sergius  TlMOCHOWlTSCH, 
Moscow,  Russia. 

1.   In  a   ventilating  system  for  rooms  and  the 
like,    the   combination   of   a   chamber   located   di- 
rectly beneath  the  ceiling  of  the  room  and  hav- 
ing its  under  side  closed  by  a  filtering  medium, 
air    supply    ways    connecting   said    chamber    with 
the   outer  air,   air  exhaust  ways  separated  from 
said    chamber   and    leading   from    the    top   of    the 
room  to  connect  the  room  with  the  outer  air,  and 
fans   in   said  supply  ways  and  exhaust   ways. 
882,259.      PNEUMATIC  CARVING-DRILL.   Her- 
man Meyer,   St.  Louis,  Mo. 
882,312.       APPARATUS    FOR     FACILITATING 
THE     PUTTING     ON     OF     INDIA-RUBBER 
GLOVES.  Carel  A.   Hoefftcke,   London,   Eng- 
land. 

1.  An  apparatus  for  facilitating  the  applica- 
tion of  India  rubber  gloves  to  the  hands  of  the 
wearer,  consisting  of  a  chamber  having  an  an- 
nular opening  at  the-top  sufficiently  large  for 
the  insertion  of  the  hand,  an  annular  collar 
around  said  top  opening  over  which  the  wrist 
of  the  glove  is  stretched,  so  that  it  depends  into 
said  chamber  and  forms  a  closure  therefor, 
means  for  securing  the  wrist  portion  of  the  glove 
to  said  collar,  and  means  for  temporarily  reduc- 
ing the  pressure  of  air  in  said  chamber,  where- 
by the  glove  is  stretched  to  admit  the  wearers 
hand,  substantially  as  set  forth. 
882,338.  REGULATOR  FOR  COMPRESSORS. 
Fred  E.  Norton  and  Irving  H.  Reynolds, 
Youngstown,  Ohio. 
882,350.      SEAL    FOR   PIPE-JOINTS.      Bernard 

F.   Shaughnessy,   Pittsburg,  Pa. 
sv'.4n»;.      AUTOMATIC    COUPLING    FOR   AIR- 
BRAKE    SYSTEMS.      Benjamin    J.    Morgan, 
Bevier,  Mo. 
w\ a:;:,.        INLYING   -   MACHINE.      Thomas    J. 

Whalen,  Middlebrook,  Va. 
s.v'.ir.T.      FLYING-MACHINE.      EMIL  R.   Ernst, 

warrenpoint,  N.  J. 
ssi'. 477.      CENTRIFUGAL  SUCTION-MACHINE. 

christian  Neumann,  St.  Louis,  Mo. 
882,478.        PRESSURE-BLOWER.        Christian 

Net mann,    St.   Louis,  Mo. 
882,503.      AIR-HOSE   COUPLING.      Walter   W. 

Kilpatrick.    Atlanta,    Ga. 
882.528.        GAS-GENERATOR.        Fred      Mears. 
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Minneapolis,     and     Joseph     Craig,     Princeton, 
Minn. 

1.  In  a  generator  for  producing  compounds  of 
nitrogen  and  oxygen,  the  combination  with  a 
retort  and  a  generating  rod,  of  a  holder  for  said 
rod,  which  holder  is  adjustably  suspended  within 
the  retort  and  supports  said  rods  with  freedom 
for  the  gravity  feed  of  the  rod  as  it  is  con- 
sumed bv  the  acid,  substantially  as  described. 
882,53::.  'PNEUMATICALLY-OPERATED  MAS- 
SAGE APPARATUS.  Thomas  A.  McCall, 
Xenia,    Ohio. 


MARCH    24. 


882,574.  PNEUMATIC  CLEANING-TOOL. 

Charles   Moukos,   Milwaukee,   Wis. 

882,597.  STARTING  DEVICE  FOR  INTER- 
NAXi-COMBUSTION  ENGINES.  Frank  H 
Walker,    Atwood,    Kans. 

882,608.  ENGINEER'S  VALVE  FOR  AIR- 
BRAKES.    Walter  M.  Austin,  Swiss  vale,  Pa. 

882,623.  PNEUMATICALLY-OPERATED  MU- 
SICAL INSTRUMENT.  Theodore  P.  Brown. 
Worcester,   Mass. 
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382,645.  HAND-OPERATED       SAND-BLAST. 

Hans  Mikokey,  Schoneberg,  near  Berlin,  Ger- 
many. 

382,918.  AIR-BRAKE.  Walter  V.  Turner, 
Wilkinsburg,    Pa. 

3S2.994.  AIR-FORCING  MEANS  FOR  A  GAS- 
GENERATOR.  George  P.  Campbell  and 
Frank    H.    Ringemann,    Cincinnati,    Ohio. 

SS3.065.  .  PNEUMATIC-VALVE  MECHANISM. 
Theodore  Vrana  and  Bretislav  Schiba.  New 
New  York,  N.  Y. 

MARCH  31. 
JS3.292.         PNUEMATIC      GRAIN-CONVEVBR, 
William  F.  Carlton,  Advance,  Mo. 


883,316.        BLOWING-ENGINE.        Patrick      H. 

Kane,    Buffalo,   N.   Y. 

883,347.  COMPRESSOR.  Edmund  W.  Rob- 
erts,   Clyde,   Ohio. 

883,413.  PNEUMATIC  DUST-COLLECTOR. 
William  F.   Mahoney,  Washington,  D.  C. 

883,464.  BLOWER.  George  W.  Leiman  and 
William   H.   Leiman,   New   York,   N.   Y. 

883,479.  INSULATED  CONTAINER  FOR 
LIQUID  AIR,  &c.  James  F.  Place,  Glenridge, 
N.  J. 

883,565.  AERO-TUBE.  Wiltje  Pars,  Seattle, 
Wash. 

883,600.  PNEUMATIC  VALVE- ACTION.  Jo- 
seph   Wieser,    New    York,    N.    Y. 
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IMPERFECT   INTERCOOLING   AND    EF- 
FICIENCY OF   COMPRESSION. 

By  S.  B.  Redfield. 

As  the  public  becomes  more  and  more  fa- 
miliar with  compressed  air  and  the  losses 
brought  about  by  poor  design  and  construc- 
tion, prospective  buyers  of  air  compressors 
are  becoming  more  and  more  interested  in  the 
subject  of  Intercooling.  Most  people  know- 
that  the  benefit  of  compound  or  stage  com- 
pression depends  upon  the  intercooling.  and 
that  the  better  the  cooling  effect  the  higher 
the  economy,  although  it  is  probable  that  but 
few  have  ever  tak,en  the  trouble  to  figure  out 
what  this  actually  amounts  to.  As  those  who 
give  any  thought  to  the  mater  usually  specify 
an  impossible  degree  of  cooling,  it  goes  to 
show  that  they  have  an  exaggerated  idea  of 
the  facts.  In  the  belief  that  figures  will  be 
interesting  and  that  the  clearest  way  of  pre- 
senting figures  to  the  mind  is  by  means  of 
diagrams  and  curves,  this  problem  has  been 
worked  out  on  this  plan  and  the  results  ob- 
tained  may   serve  to  make   the  matter   clear. 

It  can  be  mathematically  proved  that  with 
multistage  compression  to  a  given  pressure, 
the  minimum  work  will  be  required  when  the 
work  is  equally  divided  between  the  several 
cylinders,  and  this  occurs  when  the  ratio  of 
compression  is  alike  for  the  several  stages. 
In  this  article  attention  will  be  confined  to 
compound,  or  two  stage  compression,  as  this 
is  the  most  usual  case. 

The  effect  of  poor  intercooling  is  to  raise 
the  pressure  in  the  intercooler,  and  thus  to 
disturb  the  balance  of  power  between  the  cyl- 
inders. As  the  intercooling  becomes  less  and 
less  effective,  and  the  intercooler  pressure 
becomes  higher  and  higher,  the  work  of  the 
low     pressure     cylinder     increases.       Although 


at  the  same  time  the  work  of  the  high  press- 
ure cylinder  decreases,  this  does  not  occur  as 
rapidly  as  the  increase  in  the  work  of  the 
low  pressure  cylinder,  and  the  net  result  is 
an  increase  in   the  total  work  done. 

To  examine  the  process  in  detail,  turn  to 
the  theoretical  adiahatic  indicator  cards.  (Fig. 
1).  These  cards  are  placed  one  above  the 
other  for  comparison  and  lines  are  drawn 
through  all  to  show  the  relative  volumes  of 
the  high  and  low  pressure  cylinders,  which 
are  the  same  for  all.  The  total  ratio  of  com- 
pression from  atmosphere  to  100  lbs.  at  .sea 
level  is  j.X  and  in  order  to  make  the  work- 
equal  in  both  stages  of  the  compound  com- 
pression, and  thus  a  minimum,  the  cylinder 
ratio  is  made  the  square  root  of  the  total 
raio,  or  2.79.  With  perfect  intercooling  this 
gives  the  same  ratio  of  compression  in  each 
cylinder,  and,  as  before  stated,  requires  the 
minimum  work.  In  each  diagram,  the  net 
theoretical  saving  by  compounding  is  shown 
by  the  shaded  area.  This  will  be  seen  to 
grow  less  and  less  as  the  intercooling  becomes 
le>>-   effective. 

1  he  upper  card  shows  perfect  intercooling, 
equal  horse  power  in  the  two  stages  and  min- 
imum total  horse  power.  Starting  with  60 
degree-.  F.,  in  each  cylinder,  the  maximum 
temperature  attained  by  compression  in  each 
stage  is  240  degrees.  The  intercooling  being 
perfect,  the  temperature  of  the  inlet 
to  the  high  pressure  cylinder  being 
the  same  as  that  to  the  low  pres- 
sure cylinder,  the  pressure  in  the  inter- 
cooler, or  inlet  to  high  pressure  cylinder,  is 
that  corresponding  to  the  isothermal  curve,  or 
26.3  lbs.  per  square  inch.  This  is  of  course 
obtained  by  multiplying  the  absolute  intake 
pressure.  14.7,  by  the  cylinder  ratio,  J. 79, 
giving  41  11).,  absolute,  or  26.3  lbs.,  gage.  This 
gives  7.7  I.  I  I.  P.  in  each  stage,  it  1 5.4  total 
per    roo  cu.   ft.   per  minute. 
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Passing  to  the  second  theoretical  indicator 
card,  this  shows  the  result  when  the  inter- 
cooling  fails  to  reach  perfect  conditions,  by 
150  degrees.  In  other  words,  the.  tempera- 
ture of  the  inlet  to  the  high  pressure  cylinder 
is  now  210  degrees,  instead  of  (;o,  which  is  an 
excess  of  150  degrees.  Under  these  conditio:-, 
the  volume  of  the  high  pressure  cylinder  nec- 
essarily remaining  constant,  the  intercooler 
pressure  must  rise,  in  order  to  take  care  of 
the  air.  The  pressure  will  rise  in  direct  pro- 
portion to  the  absolute  temperature.  1  his 
210+461 

will  be  41   X  =52.8  lbs.,  absolute,  or 

60+461 
38.1   lbs.,  gage,  as   shown. 

'1  he  adiabatic  compression  line  meets  this 
new  intercooler  pressure  line  at  a  higher  point 
than  before,  and  the  temperature  correspond- 
ing to  this  point,  or  the  maximum  low  press- 
ure cylinder  temperature,  is  now  292  degrees. 
This  is  an  increase  of  52  degrees  above  that 
obtained  with  perfect  intercooling,  which  was 
shown  to  be  240  degrees. 

Commencing  to  compress  in  the  high  press- 
ure cylinder,  at  38.1  lbs,  pressure  and  210 
degrees,  the  final  temperature  attained  with 
adiabatic  compression  to  100  lbs.  is  now  376 
degrees  as  shown  on  the  diagram.  This  is  an 
increase  of  136  degrees  above  that  obtained 
with   perfect   intercooling. 

Under  these  conditions,  although  the  horse 
power  in  the  high  pressure  cylinder  has  de- 
creased to  7.21  from  7.7,  the  horse  power  of 
the  low  pressure  cylinder  has  increased  to 
9.95,  from  the  same  figure.  This  gives  a 
total  of  17.16  I.  H.  P.  per  100  cubic  feet  per 
minute,  instead  of  15.4,  the  figure  for  perfect 
intercooling.  The  diagram  clearly  shows  the 
decrease  in  the  shaded  area,  or  the  theoreti- 
cal net  saving  by  compounding. 

From  both  these  diagrams  it  will  be  seen 
that  the  line  of  adiabatic  compression  in  the 
low  pressure  cylinder,  if  extended,  would 
meet  the  line  indicating  the  volume  of  the 
high  pressure  cylinder  at  a  point  correspond- 
ing to  a  temperature  of  332  degrees.  If  there 
were  no  intercooling  at  all,  the  air  would  en- 
ter the  high  pressure  clyinder  at  this  tempera- 
ture, and  the  pressure  would  have  to  be  47.7 
lbs.  gage.  All  this  is  shown  in  the  third  or 
lowest  diagram,  which  represents  the  condi- 
tions resulting  from  no  intercooling,  or  an  ex- 
cess of  272  degrees  over  perfect  intercooling. 


FIG.  T— DIFFERENT  RATES  OF  INTERCOOLING. 

The  compression  line  of  the  high  pressure 
cylinder  starts  in  where  that  of  the  low  pres- 
sure cylinder  left  off,  and  the  line  is  continu- 
ous. The  result  of  this  is  a  final  compression 
temperature  of  484  degrees  at  100  lbs.  pressure, 
and  while  the  horse  power  in  the  high  pressure 
cylinder  has  decreased  to  6.54,  that  of  the  low 
pressure   cylinder   has   again    increased   and   is 
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now  11.54,  making  a  total  of  18.08  I.  H.  P.  per 
100  cubic  feet  per  minute  to  100  lbs.  pressure. 
This  is  now  nothing  more  than  single  stage 
adiabatic  compression,  and  the  theoretical 
horse  power  is  that  corresponding  to  single 
stage  compression  to  100  lbs.  pressure.  Here, 
the  saving  by  compounding  has  of  course  en- 
tirely disappeared,  and  the  work  might  as  well 
have  been  done  in  one  cylinder. 

In  order  to  show  the  result  upon  the  power 
of  progressive  falling  off  in  intercooling  effect, 
two  sets  of  curves  are  given  in  Fig.  2  showing 
the  total  theoretical  adiabatic  I.  H.  P.  per  100 
cubic  feet  per  minute  to  100  lbs.  gage,  and  also 
the  percentage  increase  in  power,  referred  to 
perfect  intercooling,  as  the  intercooling  be- 
comes  poorer.     In    this   diagram    the    vertical 


distances  represent  I.  H.  P.  for  the  one  curve 
and  percentages  for  the  other,  while  the  hori- 
zontal distances  represent  excess  of  tempera- 
ture of  high  pressure  cylinder  intake,  over  that 
of  perfect  intercooling.  Take,  for  example,  the 
point  marked  100  degrees ;  this  means  that  the 
temperature  of  the  air  leaving  the  intercooler 
and  entering  the  high  pressure  cylinder  is  100 
degrees  in  excess  of  perfect  cooling,  which 
would  be  60  degrees,  and  it  is  therefore  160 
degrees.  At  this  point,  the  total  indicated 
horse  power  per  100  cubic  feet  per  minute  to 
100  lbs.  gage  is  shown  to  be  16.69,  and  the 
increase  over  that  for  perfect  intercooling  is 
8.3  per  cent. 

At  the  left  of  these  curves  is  shown  the  re- 
sult   of    compound    compression    with    perfect 
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intercooling,  requiring  15.4  I.  H.  P.  per  100 
cubic  feet  per  minute  to  100  lbs.  pressure  and 
at  the  right  hand  end  is  shown  the  result  of  no 
intercooling  at  all,  which  is  2.72  degrees  in  ex- 
cess of  perfect  intercooling,  or,  as  was  previ- 
ously shown,  theoretical  adiabatic  single  stage 
compression.  At  this  point  the  theoretical  ex- 
cess of  power  required  over  perfect  conditions 
is  17.4  per  cent. 

Fig.  3  shows  the  variation  in  the  horse  power 
in  each  cylinder  and  the  rise  in  intercooler 
pressure  as  the  degree  of  intercooling  falls  off. 
The  curves  show  at  a  glance  the  result  of  any 
partial  degree  of  intercooling,  and  it  will  be 
seen  that  the  increase  of  power  required  with 
20  degrees  excess  of  temperature  is  2  per  cent., 
and  with  40  degrees  excess  it  is  3.7  per  cent. 
Of  course,  as  the  maximum  theoretical  in- 
crease' of  power  due  to  no  intercooling  at  all 
is  17.4  per  cent.,  the  first  figure  represents  a 
loss  of  2  in  a  possible  17.4,  or  11.5  per  cent, 
of  maximum  loss,  and  the  second  figure  repre- 
sents a  loss  of  3.7  in  a  possible  17.4  or  21.3  per 
cent,  of  the  maximum  theoretical  loss. 

When  possessed  of  these  figures  the  prospec- 
tive compressor  buyer  will  jump  to  the  ex- 
treme and  call  loudly  for  "more  cooler  sur- 
face," and  will  insert  into  his  specifications  a 
clause  calling  for  a  degree  of  intercooling 
which  the  manufacturers  know  is  practically 
impossible. 

The  word  "practically"  is  full  of  import,  for 
it  is  the  practical  results  that  mean  dollars  and 
cents,  and  it  is  the  latter  which  interest  the 
public.  This  being  the  case,  and  it  having 
been  repeatedly  stated  that  these  diagrams  are 
theoretical,  nothing  would  be  more  desirable 
than  to  interpret  these  theoretical  figures  into 
practical  ones,  and  at  the  same  time  to  show 
that  while  the  public  often  demands  impossibili- 
ties in  one  direction,  other  and  important  fea- 
tures, which  are  not  only  possible,  but  practi- 
cal, and  mean  material  saving,  are  never  men- 
tioned. 

The  particular  subject  meant  by  the  above  is 
what  is  known  as  "Efficiency  of  Compres- 
sion" and  it  must  be  admitted  that  the  term  is 
seldom  used  by  the  buying  public,  either  in 
conversation  or  in  specifications.  Nevertheless, 
this  efficiency  of  compression  is  a  most  impor- 
tant subject,  especially  as,  unlike  the  subject  of 
intercooling,  great  improvements  are  possible 
and  practicable  by  suitable  design. 

Tt   is   sometimes  thought  that  adiabatic  com- 


pression is  the  "worst  that  may  be  expected" 
and  that  figures  for  indicated  horse  power  can 
never  exceed  the  adiabatic.  This  is  indeed  a 
false  idea,  for  the  actual  horse  power  as' ob- 
tained by  an  indicator,  for  a  given  amount  of 
air  actually  compressed  and  delivered,  is  always 
in  excess  of  the  adiabatic  figure.  This  does 
not  mean  that  the  compression  curve  shown  on 
the  actual  indicator  card  is  above  the  adiabatic, 
for,  if  it  is,  it  is  imperative  to  look  at  the 
discharge  valves  at  once  to  find,  and  stop,  the 
enormous  leak  back  into  the  cylinder  that  must 
be  taking  place.  The  curve  of  compression  in 
a  correctly  operating  compressor  will  be 
slightly  below  the  adiabatic  line,  but  owing  to 
the  "humps"  in  the  discharge  line,  due  to 
throttling  through  the  discharge  valves,  the 
actual  indicated  horse  power  exceeds  the  theo- 
retical figure,  the  latter  not  including  "humps." 

The  "Efficiency  of  Compression,"  referred 
to  adiabatic  figures,  is  the  ratio  of  the  theo- 
retical adiabatic  1.  H.  P.  per  hundred  cu.  ft.  per 
minute  to  the  actual  I.  H.  P.  by  the  indicator 
card  per  hundred  cu.  ft.  of  free  air  actually 
compressed  and  delivered  per  minute,  including 
volumetric   efficiency. 

As  an  example,  suppose  the  piston  displace- 
ment of  a  certain  compressor  were  108  cu.  ft. 
per  minute,  and  that  the  card  showed  92^2 
per  cent,  volumetric  efficiency,  and  that  the 
actual  I.  H.  P.  by  the  card  was  18,  with  100 
lbs.  gage  pressure,  compound  compression.  This 
would  mean  that  92V2  per  cent,  of  108,  or  100 
cu.  ft.  per  minute,  was  actually  compressed 
and  delivered  and  that  the  actual  I.  H.  P.  de- 
veloped in  compressing  this  100  cu.  ft.  of  air 
was  18.  The  theoretical  adiabatic  I.  H.  P.  per 
100  cu.  ft.  per  minute  actually  compressed  and 
delivered  by  compound  compression  to  100  lbs. 
is  15.4.  The  efficiency  of  compression  then  is 
15.4  divided  by  18,  or  85.5  per  cent.  This 
figure  appears  low,  and  it  really  is  low  com- 
pared to  what  some  first  class  manufacturers 
are  now  doing.  It  is  probable,  however,  that 
there  are  more  compressors  with  85.5  per  cent, 
or  less  efficiency  of  compression  than  there  are 
with  higher  ;  and  yet  the  public  never  says  a 
word  about  it,  but  devotes  its  attention  to  im- 
possible degrees  of  intercooling,  which  call  for 
absolutely  uneconomical  areas  of  cooling  sur- 
face and  rivers  of  cooling  water. 

This  efficiency  of  compression,  with  ample 
valve  and  passage  area,  may  come  up  to  as 
high  as  93  to  94  per  cent,  for  compound  com- 
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pression  to  100  lbs.  The  losses  involved  are 
due  to  two  main  causes — defective  intercooling 
and  contracted  valve  and  passage  area.  In 
order  to  separate  these  two  causes  of  loss,  as- 
sume a  practical  case,  and  as  an  average  figure 
let  the  efficiency  of  compression  be  90  per  cent., 
and  let  the  intercooling  be  within  40  degrees  of 
perfect,  both  of  which  figures  are  fair  assump- 
tions. The  latter  figure  means  that  tbe  tem- 
perature of  the  air  leaving  the  intercooler  and 
entering  the  high   pressure   cylinder   is  40   de- 


grees higher,  than  that  entering  the  low  pres- 
sure cylinder.  Referring  to  the  curves,  this 
would  mean  an  excess  of  I.  H.  P.  of  3.7  per 
cent,  over  that  obtained  with  perfect  inter- 
cooling. 

If  the  efficiency  of  compression  is  90  per 
cent.,  the  actual  [.  H.  P.  per  100  CU.  ft.  per  min- 
ute must  be  17.I  A  glance  at  the  curve  for  I. 
H.  P.  will  show  that  40  degrees  excess  tem- 
perature should  require  15.97  I.  H.  P.  per  100 
cu.    ft.     This    means    that    the    difference    be- 
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tween  15.4  and  15.97,  or  .57  horse  power,  has 
been  lost  from  imperfect  intercooling,  and  the 
rest,  or  the  difference  between  15.97  and  17. 1, 
or  1. 13  horse  power,  has  been  lost  on  account 
of  insufficient  valve  area.  To  go  to  percent- 
age: .57  is  3.7  per  cent,  of  15.4,  as  shown  by 
the  curve,  and  1.13  is  7.34  per  cent,  of  15.4. 
As  a  fairer  comparison  would  be  the  percent- 
age referred  to  the  actual  horse  power  ob- 
tained, it  is  best  to  say  .57  is  3.33  per  cent,  of 
17.1  and  1. 13  is  6.6  per  cent,  of  17. 1.  This 
shows  that  the  loss  by  contracted  valve  area 
is  in  this  case  almost  exactly  twice  as  great  as 
that  due  to  poor  intercooling. 

As  beforesaid,  with  first  class  practice,  the 
efficiency  of  compression  may  be  as  high  as  93 
to  94  per  cent,  for  compound  compression  to 
100  lbs.  Taking  94  per  cent.,  the  actual  I.  H. 
P.  per  hundred  cu.  ft.  per  minute  to  100  lbs. 
will  be  15.4  divided  by  .94,  or  16.4,  making  a 
total  loss  of  only  one  horse  power,  over  and 
above  the  theoretical. 

Again,  assuming  40  degrees  excess  of  tem- 
perature over  perfect  intercooling,  the  loss  due 
to  imperfect  intercooling  is  again  .57  horse 
power,  which  leaves  the  remainder,  or  .43  horse 
power,  to  be  chargeable  to  throttling  through 
valves  and  passages.  .57  is  3.48  per  cent,  of 
16.4,  and  .43  is  2.62  per  cent,  of  16.4,  the  actual 
power  required.  Now  it  is  seen  that  with 
proper  valve  and  passage  areas,  the  loss  due  to 
throttling  is  even  less  than  that  due  to  poor 
intercooling. 

What  is  more  interesting  still  than  this  fact 
is,  that  the  actual  H.  P.  per  hundred  cu. 
ft.  per  minute  has  been  reduced  from  17.1,  the 
figure  with  90  per  cent,  efficiency  of  com- 
pression, to  16.4  with  94  per  cent.  This  makes 
the  net  saving  in  power  .70  I.  H.  P.  per  100 
cu.  ft.  per  minute,  which  is  over  20  per  cent, 
more  than  .57  I.  H.  P.,  the  total  loss  by  in- 
efficient cooling  with  40  degrees  excess  of 
temperature,  which  latter  is  not  the  best  a 
commercial  intercooler  can  do. 

From  the  foregoing  arguments,  it  will  be 
clear  that  although  the  buying  public  should 
not  forget  the  subject  of  intercooling,  as  this 
is  a  very  important  item,  it  would  be  highly 
advisable  to  put  it  into  its  proper  relative  posi- 
tion and  to  look  more  carefully  into  the 
equally  important,  but  often  overlooked,  sub- 
ject of  valve  and  passage  area  and  the 
efficiency  of  compression. 


THE   ROTHERHITHE  TUNNEL  AND 

SUBWAY 
A  new  Thomes  tunnel  for  fast  passengers 
and  vehicles,  connecting  Rotherhithe  on  the 
South  and  Steping  on  the  north  bank,  begun 
four  years  ago,  is  fast  approaching  completion 
and  in  fact  may  be  ready  for  opening  when 
-  these  lines  come  to  the  reader.  Strictly  speak- 
ing, the  readers  of  Compressed  Air  have  no 
business  with  this  work,  since  compressed  air 
was  not  employed  in  its  construction,  but  the 
tunnel  habit  which  compressed  air  has  begot- 
ten leads  to  interest  in  all  modes  of  construc- 
tion and  all  subterranean  and  subaqueous  en- 
gineering. This  is  practically  a  new  London 
highway  usefully  supplementing  the  Tower 
Bridge  and  the  Blackwall  Tunnel  and  reliev- 
ing the  congested  traffic  in  this  very  crowded 
and  busy  section. 

The  roadway  begins  with  an  open  approach, 
an  inclined  cutting  900  feet  long  with  an  en- 
trance arch  and  concrete  walls.  The  roadway 
will  be  16  feet  wide  with  a  foot  pavement  on 
each  side  6  feet  wide.  Before  entering  the  cut 
and  cover  section  the  East  London  Railway 
is  crossed  by  a  steel  plate  girder  bridge,  stair- 
ways in  the  side  walls  giving  easy  access  to 
the  roads  above  and  to  the  railway  station. 
The  land  tunnel  is  circular  with  an  inside 
diameter  of  27  feet  and  constructed  of  five 
rings  of  brickwork.  At  the  end  of  this  tun- 
nel is  shaft  No.  1,  the  base  of  which  is  70 
feet  below  ground  level.  The  shaft  is  double 
lined  with  steel  plates,  the  space  between  being 
filled  with  concrete,  and  it  has  an  inspection 
gallery  running  around  at  the  top.  At  this 
point  the  cast-iron  circular  tunnel  begins,  the 
opening  being  finished  with  a  grey  granite 
moulding.  This  portion  has  an  outside  diame- 
ter of  30  feet  and  the  inside  diameter  of  27 
feet.  The  rings  have  a  uniform  width  of  30 
inches  on  the  straight  sections,  each  ring  hav- 
ing 16  sections  and  a  key.  Inside  the  iron  is 
covered  with  concrete  lined  with  white  glazed 
tiles. 

Shaft  No.  2  is  much  like  the  first,  but  is  102 
•  feet  below  ground  level  and  is  fitted  with  a 
wide  spiral  staircase  for  public  use,  the  stairs 
being  supported  on  their  inner  ends  by  cast 
iron  pillars.  This  shaft  will  be  covered  with 
a  glazed  roof. 

The  subaqueous  section,  the  invert  of  which 
is  80  feet  below  high  water  level,  is  1,500  feet 
long  and  ends  in  shaft  No.  3  which  is  at  the 
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other  bank  of  the  river.  This  shaft,  shown  in 
the  half  tone,  is  practically  a  duplicate  of 
shaft  No.  2,  with  similar  spiral  staircase  and 
glazed  domed  roof.  Between  this  and  shaft 
No.  4  there  is  a  distance  of  a  little  more  than 
1,150  feet,  the  tunnel  being  driven  to  a  curve 
of  800  feet  radius.     This  is  probably  a  unique 


instance  of  an  iron  lined  tunnel  with  such  a 
sharp  curve.  From  shaft  No.  4  there  is  an- 
other section  of  cut-and-cover  work,  followed 
by  1,200  feet  of  open  approach,  making  the  to- 
tal  length  about  a  mile  and  a  quarter. 

Under  the  whole  length  of  the  cut-and-covcr 
and  the  cast  iron   tunnels  a  subway  has  been 
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built,  having  a  brick  arch  and  concrete  base 
and  sides.  It  has  a  width  of  13  ft.  6  in.,  and  a 
headway  in  the  middle  of  6  ft.  6  in.  It  is  ven- 
tilated by  grids  in  the  roadway,  has  an  open 
channel  down  the  middle  for  drainage  pur- 
poses, and  is  entered  from  manholes  at  the 
shafts  and  at  the  ends  of  the  open  approaches. 
This  subway  is  intended  to  accommodate  pipes, 
cables,   etc. 

Two  shields  were  used,  being  lowered  down 
shaft  No.  3,  one  driving  south  under  water 
and  land  and  being  broken  up  when  it  reached 
shaft  No.  1,  the  other  having  only  a  short 
course  in  the  other  direction  to  shaft  4.  A 
pilot  tunnel  was  driven  under  the  river  before 
the  tunnel  proper  by  a  special  form  of  exca- 
vating machine,  the  soil  being  removed  by 
trucks. 


COMPRESSED   AIR   CALCULATIONS* 

By  E.  A.  Rix,  Mem.  Am.  Soc.  C.  E.,  Mem  Am 
Soc.  M.  E. 

Fellow  Students: 

The  great  progress  in  the  Arts  and  Sciences 
is  made  for  commercial  reasons  and  by  people 
who  are  seeking  either  gain  or  a  livelihood. 
The  trade  catalogue  is  one  means  by  which 
advance  information  is  given  the  public,  and 
in  it  the  data  and  tables  and  scientific  infor- 
mation are  mostly  theoretical.  It  is  not  con- 
sidered prudent  by  business  men  to  take  the 
public  into  their  confidence  and  give  them  the 
practical  co-efficients  which  have  cost  years. 
much  money,  and  hard  work  to  acquire.  For 
this  reason,  catalogue  information  is  ofttimes 
very  misleading,  and  is  valuable  only  as  a 
means  of  comparison. 

No  matter  what  theoretical  engineering 
course  we  take,  to  he  valuable  to  the  com- 
munity we  must  all  take  a  post-graduate 
course  of  experience  and  become  commercial 
engineers.  The  sooner  we  reach  that  degree, 
the  better  for  ourselves  and  for  everybody  con- 
cerned. Theoretically  and  actually,  you  may 
have  a  million  dollar  ore  body,  but  if  it  costs 
more  per  ton  to  realize  its  value  than  it 
yields  commercially,  there  is  not  a  cent  in  that 
ore  body.     That,  after  all,  is  the  only  fact  we 
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wish  to  know,  and  we  want  to  know  it  beyond 
a  peradventure. 

It  seems  to  me,  therefore,  that  if  I  am  hon- 
est in  my  desire  to  help  you,  I  must  loosen  up 
and  give  you  practical,  commercial  co-efficients, 
show  you  how  we  safeguard  our  own  interests, 
and  at  the  same  time  satisfy  those  with  whom 
we  deal.  And  finally,  it  seems  to  be  about  the 
best  way  in  which  one  can  repay  this  Uni- 
versity for  the  benefits  which  he  has  received 
from   a   four-years'  training. 

Before  we  undertake  to  solve  a  problem 
which  I  shall  present  for  your  consideration, 
I  shall  give  you  some  of  the  practical  data 
which  I  use  to  make  these  calculations. 

During  the  last  twenty  years,  I  have  kept  a 
leg  of  all  the  compressed  air  plants  I  have 
tested,  and  also  the  actual  performance  of  a 
great  number,  covering  almost  every  kind  of 
ccmpressor  and  compressed  air  motor  or  tool, 
and  I  have  averaged  all  the  indicator  cards 
taken  from  the  various  compressors  used  in 
mining  work  and  compared  the  indicated 
horse-power  with  the  actual  power  required. 
Comparing  this  with  the  displacement  of  the 
compressor  cylinders,  I  have  concluded  that 
for  a  safe  and  sane  power  factor,  we  must 
allow  20  horse-power  for  every  one  hundred 
cubic  feet  of  cylinder  displacement,  to  com- 
piess  air  from  atmospheric  pressure  to  90 
or  95  lbs.  receiver  gauge  pressure  at  sea  level. 
i  have  made  my  calculations  on  these  press- 
uies  because  they  are  the  standard  pressures 
now  used  for  pneumatic  work,  and  nearly 
every  machine  and  motor  is  constructed  for 
these  pressures.  Twenty  horse-power  means 
brake  horse-power,  i.  e.,  the  power  delivered 
at   the   shaft  of  the  prime  mover. 

If  you  consult  tables  in  any  engineering 
magazine  or  trade  catalogue,  on  air  com- 
pressors, you  will  note  that  the  power  claimed 
to  do  certain  work  is  much  less  than  the  figure 
which  1  give  you,  and  in  explanation,  it  must 
hi'  noted  that  these  tables  are  theoretical,  and 
do  not  take  into  account  the  mechanical  effici- 
ency of  the  compressor,  nor  losses  due  to  vol- 
umetric efficieny  of  compressors.  These  fig- 
ures are  therefore  misleading,  and  should  be 
avoided  except  to  use  as  comparisons  between 
one  machine   and  another. 

It  is  most  unfortunate  that  the  public  is  not 
given  'In-  results  of  working  tests  upon  plants 
of  all  descriptions  running  under  ordinary  con- 
ditions, as  such  information  is  much  more  val- 
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uable  than  the  records  of  official  tests,  which 
are  usually  made  under  special  conditions  by 
experts  at  the  most  satisfactory  load — a  set 
of  conditions  not  often  realized. 

You  must  have  a  safe  margin  in  your  cal- 
culations so  that  neither  you  nor  those  for 
whom  you  are  installing  a  plant  will  be  dis- 
appointed, and  I,  therefore,  have  given  you  20 
horse-power  per  one  hundred  cubic  feet  of 
cylinder  displacement  as  a  figure  that  will 
never  get  you  into  trouble,  and  at  the  same 
time,  it  is  not  too  generous.  It  may  also  be 
noted  that  it  would  be  just  as  well  in  small 
plants  to  make  no  distinction  between  single 
and  two  stage  machines.  By  small  plants,  I 
mean  up  to  400  cubic  feet  per  minute  capacity. 

Second. — Remember  that  a  compressed  air 
cj  linder  will  never  give  a  quantity  of  air  equal 
to  the  volume  swept  by  the  piston,  for  the 
reason  that  such  things  as  clearance,  leakage, 
temperature,  piston  speed,  etc.,  reduce  the 
theoretical  quantity,  so  that  it  is  best  to  figure 
about  80  per  cent,  volumetric  efficiency  for  the 
average  mining  compressor.  Many  do  not 
give  60  per  cent,  and  some  give  90  per  cent. 

Third. — In  using  compressed  air  at  90  lbs. 
pressure  cold,  it  will  take  24  cubic  feet  of  free 
air  per  minute  to  give  one  horse-power  in  plain 
slide  valve  engines,  and  15  cubic  feet  with 
good  expansion  valve  gearing,  and  between 
these  two  limits  will  lie  all  the  various  types 
of  engines.  If  the  air  be  reheated,  to  about 
300  degrees  Fahrenheit,  it  will  reduce  the 
above  quantities  about  one-third.  In  one  hoist- 
ing engine  which  we  installed,  having  com- 
pound Corliss  cylinders,  and  where  the  air 
was  heated  to  400  degrees  Fahrenheit  before 
entering  each  cylinder,  it  required  between  7 
and  8  cubic  feet  only  for  one  horse-power. 
Most  mines,  however,  use  cold  air  and  prefer 
the  power  loss  to  the  trouble  and  expense  of 
the  installation  and  maintenance  of  reheating 
apparatus. 

Fourth. — The  tables  set  forth  in  the  trades 
catalogues  for  the  air  consumption  of  stand- 
ard piston  rock  drills  are  fairly  accurate  and 
are  generally  in  terms  of  the  compressor  cyl- 
inder displacement. 

Fifth. — For  operating  ordinary  station  and 
sinking  pumps  of  the  direct  acting  type,  which 
is  the  ordinary  stock  pump  usually  used  in 
mining  operations,  it  will  be  safe  for  you  to 
calculate  that  one  cubic  foot  of  free  air  com- 


pressed to  ninety  pounds  gauge  pressure  will 
do  135  foot  gallons  of  pumping. 

Sixth. — That  ordinary  mining  hoists  have  a 
mechanical  efficiency  of  about  75  per  cent. 

Seventh. — For  the  determination  of  pipe 
sizes,  losses  of  pressure  and  terminal  pressures 
for  compressed  air  transmission,  I  use  the 
Johnson  formula,  which  is  very  satisfactory: 


Pi2— P/ 
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Wherein  P1=absolute  initial  air  pressure 
P2=  terminal  air  pressure 

V=free  air  equivalent  passing 

through  the  pipe. 
L  =length  of  pipe  in  feet. 
A  =diameter  in  inches. 
This  formula  is  quite  simple  to  solve. 

With  these  facts  at  hand,  we  can  now 
rapidly  calculate  the  problem  we  shall  con- 
sider as  follows : 


A  mine  having  a  water  power  distant  5,000 
feet  wishes  to  generate  compressed  air  and 
transmit  it  to  the  collar  of  the  shaft  for  oper- 
ating purposes.  The  work  to  be  performed  is 
as  follows : 

100  tons  of  ore  and  waste  to  be  hoisted  in 
20  hours. 

30  gallons  of  water  per  minute  to  be  pumped 
either  at  a  station  or  a  sinking  pump. 

5 — 2^4  standard  piston  rock  drills  to  be 
operated. 

3  air  hammer  drills  to  be  operated. 
General  Conditions: 

Depth  of  shaft,  600  feet. 

Weight  of  skip  and  rope,  1,000  lbs. 

Weight  of  ore  hoisted,  1  ton. 

Initial  air  pressure,  95  lbs. 

Final  air  pressure,  90  lbs. 

Altitude,  sea  level. 

Geared  hoist  and  unbalanced  hoisting. 
Required: 

Size  of  compressor. 

Diameter  of  air  pipe. 

Brake  horse-power. 

Altitude  factors. 

Re-heating  co-efficients. 

Note. — In  problems  of  this  kind,  we  must 
reduce  all  of  our  requirements  to  cubic  feet 
of  free  air,  because  free  air  is  the  basis  for  all 
power   calculations. 
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To  determine  the  free  air  required  for  hoist- 
tug:  If  100  tons  of  ore  and  waste  are  to  be 
hoisted  in  20  hours,  the  hoisting  will  be  done 
at  the  rate  of  5  tons  per  hour,  and  inasmuch 
as  each  load  hoisted  contains  one  ton,  it  fol- 
lows that  there  will  be  a  load  hoisted  every 
12  minutes.  Of  course,  we  know  that  an  abso- 
lute schedule  of  12  minutes  between  hoists  can 
scarcely  ever  be  carried  out,  for  the  intervals 
nay  be  shorter  during  one  hour  and  longer 
during  another,  or  stop  altogether,  but  the 
only  way  to  figure  it  is  on  a  regular  basis,  and 
after  that  is  determined,  allowance  one  way 
or  another  can  be  made  for  any  irregularity. 

The  load  being  2,000  lbs.  of  material  and 
1,000  lbs.  of  rope  and  skip,  makes  a  total  of 
3,000  lbs.  which  is  to  be  hoisted  600  feet. 
3,000  lbs.  lifted  000  feel  will  require  1,800,000 
foot  pounds  of  work,  or  54  horse-power,  theo- 
retical. Inasmuch  as  the  hoist  has  a  probable 
efi'xiency  of  75  per  cent.,  the  54  theoretical 
horse-power  becomes  72  brake  horse-power 
actually  required. 

Using  cold  air,  it  require^,  as  we  have  men- 
tioned  before,  24  cubic  feet  of  free  air  per 
horse-power.  Then  24x72=  1,72s  cubic  feet 
of  free  air  which  the  hoist  will  consume  to 
make  one  lift.  This,  you  will  note,  gives  us 
direct  results  without  taking  into  consideration 
the  element  of  time  or  the  dimensions  of  the 
hoist.  If  we  made  a  hoist  every  12  minutes, 
and  it  required  1,728  cubic  feet  to  make  a 
hc:.st,  then  the  compressor  must  furnish  144 
cubic  feet  of  free  air  per  minute  continuously, 
and  we  must  have  storage  capacity  sufficient 
to  accumulate  the  air  between  hoists.  Right 
In  11  is  the  vital  point  of  hoisting  economically 
with  compressed  air. 

Let  us  assume  in  our  problem  that  we  hoist 
at  the  rate  of  300  feet  per  minute,  then  it  will 
take  two  minutes  to  make  the  lift,  and  the 
hoist  will  be  lowering  and  idle  during  the 
next  ten  minutes.  During  this  ten  minutes, 
the  compressor  is  delivering  144  cubic  feet 
of  free  air  per  minute,  or,  1,440  cubic  feet 
total,  which  must  be  stored. 

If  the  hoist  is  none  too  large  for  the  work, 
you  will  find  that  if  the  pressure  in  the  re- 
ceiver drops  more  than  one  atmosphere  or 
from  90  lbs.  to  75  lbs.,  that  the  hoist  will  not 
operate  in  a  satisfactory  manner.  Then,  in 
cur  problem,  if  we  must  draw  1,440  cubic 
feet  from  the  receivers  at  a  drop  of  one  atmos- 
phere in  pressure,  the  receivers  must  have  a 


cubic  capacity  of  1,440  cubic  feet,  and  if  the 
hoist  is  amply  large  so  that  it  will  still  operate 
after  the  receiver  pressure  has  dropped  two 
atmospheres,  or  from  90  lbs.  to  60  lbs.,  then 
th«  receiver  capacity  can  be  one-half  of  1,440 
01  720  cubic  feet,  but  it  is  not  wise  to  go 
below  this  pressure,  because  it  will  affect  too 
materially  the  pressure  required  for  operating 
the  other  machinery. 

For  a  first  class  job,  install  receivers  having 
a  capacity  equal  to  the  storage  required  at 
one  atmosphere  pressure.  Right  here  let  me 
say  that  large  receivers  cost  less  in  proportion 
to  their  storage  capacity  than  small  ones. 
For  example :  A  carload  consisting  of  four 
receivers  54  inches  in  diameter  by  30  feet 
lrng,  containing  about  2,000  cubic  feet,  costs 
at  the  present  time  about  $1,600,  while  the 
same  storage  in  ordinary  receivers  48  inches 
in  diameter  and  12  feet  long,  would  cost  about 
$2,200.  It  is  better  to  invest  more  money  in 
receivers  and  less  in  compressors,  because  the 
smaller  compressor  takes  less  power  at  the 
peak,  and  most  power  bills  are  figured  oh  a 
constant  peak. 

If  you  install  a  plant  and  the  receiver  capac- 
ity is  too  small,  you  can  always  determine  the 
proper  quantity  of  storage  by  running  the 
compressor  with  the  unloader  cut  off,  and  if 
the  receivers  blow  off  between  hoists  and  the 
pressure  drops  more  than  15  pounds  during 
hoisting,  add  more  receiver  capacity  until  it 
v  ill  not  blow  off  nor  drop  more  than  15 
pounds.  If  you  arrive  at  the  point  where  it 
does  not  blow  off  and  the  pressure  does  not 
fall  to  15  pounds,  then  slow  down  the  com- 
pressor until  the  desired  drop  is  reached,  and 
you  will  be  operating  your  plant  at  the  most 
economical  point.  Then  cut  in  the  unloader 
again  and  let  it  work  when  it  will.  An  un- 
loader only  saves  wear  and  tear  in  the  com- 
pressor where  you  buy  power  at  the  peak 
load,  as  happens  in  most  cases,  but  does  not 
affect  your  power  bill. 

Let  us  go  back  now  to  our  problem.  We 
find,  therefore,  that  144  cubic  feet  per  minute 
is  required  for  hoisting.  Now,  while  we  have 
allowed  four  hours  in  twenty-four,  or  an 
hour  and  twenty  minutes  on  each  shift  for 
hoisting  and  lowering  men,  timbers,  supplies, 
etc.,  it  is  entirely  probable  that  at  least  once 
every  hour  some  one  will  be  going  up  and 
down  the  shaft,  and  it  would  be  practical, 
therefore,  to  say  that  the  hoist  would  handle 
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six  loads  per  hour  instead  of  five,  and  we 
must  therefore  add  twenty  per  cent  to  the 
hoisting  requirements,  making,  say,  175  cubic 
feet  instead  of  144. 

To  determine  the  amount  of  compressed  air 
required  for  pumping:  For  pumping  30  gal- 
lons per  minute  600  feet,  requires  30x600  or 
18,000  foot  gallons  of  work.  If  one  cubic 
foot  of  free  air  at  90  pounds  gauge  pressure 
will  give  135  foot  gallons  of  work,  we  shall 
require  133  cubic  feet  of  free  air  for  the  pump- 
ing.    This  requirement  is  constant. 

To  determine  the  amount  of  compressed  air 
required  for  drilling:  Five  2*4  -inch  rock 
di  ills  will  require  50  feet  of  free  air  each,  or 
250  cubic  feet,  and  three  air-hammer  drills 
will  require  25  cubic  feet  each,  or  75  cubic  feet. 
To  get  these  amounts,  take  about  eighty  per 
cent,  of  the  requirements  as  stated  in  rock- 
drill  catalogues,  which  always  give  quantities 
in  compressor-cylinder  displacement  which  do 
not  deliver  on  an  average  within  twenty  per 
cent,  of  their  displacement,  excepting  in  large 
machines. 

Our  total  requirements  will  therefore  be : 

Hoisting     175  cubic  feet 

Pumping    133  cubic  feet 

Drilling    325  cubic  feet 

Total    633  cubic  feet 

This  633  cubic  feet  does  not  take  into  con- 
sideration any  ordinary  pipe  leakage  in  the 
hcisting  works  and  below  ground,  and  in  con- 
ducting this  air  from  a  distance,  inasmuch  as 
our  problem  calls  for  a  transmission  of  5,000 
feet,  it  would  be  well  to  allow  a  leakage  of 
five  per  cent,  on  the  entire  system.  This 
would  bring  our  requirement  up  to  665  cubic 
feet,  and  if  we  allow  that  our  compressor  will 
give  a  volumetric  efficiency  of  at  least  eighty 
per  cent.,  we  must  have  a  cylinder  displace- 
ment of  830  cubic  feet  per  minute. 

You  will  remember  that  our  power  factor 
was  20  horse-power  per  100  cubic  feet;  con- 
sequently we  must  have  166  horse-power  de- 
livered on  our  water-wheel  shaft  to  drive  this 
compressor. 

Finally,  we  must  determine  the  size  of  the 
pipe,  allowing  five  pounds  drop  in  pressure 
for  friction  loss.  You  will  remember  the 
formula. 


Pr-P^ 
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Pi  the  initial  pressure  absolute=95+i47  or 
109.7,  and  its  square  is  12,034. 

P2  the  terminal  pressure  we  have  stated 
shall  be  5  pounds  less  than  the  initial  or  90 
pounds,  of  104.7  absolute  and  its  square  is 
10,962. 

The  difference  between  these  two,  or — 
Pt2— P22=I072. 

Substituting  this   in   our   equation,  and   also 
the  values  for  L  and  V,  we  have — 
6X5000X633X633 

iooooXAS 
Reducing,  we  have   I072XA5=3X6332,  or 

A6=II2I 

A=4-in.    pipe. 

We  have,  now  to  figure  the  size  of  the  com- 
pressor required.  If  you  happen  to  have  tables 
and  catalogues  at  hand,  it  will  be  an  easy 
matter  to  look  up  a  satisfactory  compressor 
having  a  displacement  Of  830  cubic  feet,  but 
if  such  literature  is  not  at  hand,  the  size  of 
the  compressor  may  be  determined  as  follows : 

It  almost  goes  without  saying  that  you 
would  select  a  two-stage  compressor  for  any- 
thing over  400  cubic  feet  capacity.  This  two- 
stage  compressor  will  have  a  low-pressure  or 
gathering  cylinder,  wherein  the  air  is  com- 
pressed to  about  25  pounds,  and  a  high-press- 
ure cylinder  where  the  air  at  25  pounds  after 
it  has  been  cooled  will  be  compressed  to  90 
or  95  pounds  pressure.  The  reason  a  two- 
stage  machine  is  selected  is  because  it  has  a 
higher  volumetric  efficiency,  requires  less 
power  to  operate  it,  is  easier  to  lubricate  on 
account  of  low  temperatures  and  has  less 
strains  on  the  mechanism. 

The  first  thing  to  consider  is  the  speed  at 
which  you  will  operate  the  compressor,  and 
this  will  be  dictated  by  many  things.  If  you 
have  a  limited  amount  to  expend,  you  will  nat- 
urally select  as  high  a  working  speed  as  pos- 
sible, because  the  higher  the  speed,  the  smaller 
the  compressor. 

Again,  you  may  have  to  take  the  future  into 
consideration,  and  you  may  want  more  air 
later  on,  as  the  shaft  goes  deeper  or  more 
water  is  encountered.  You  would  then  nat- 
urally select  such  a  speed  as  would  give  you 
the   margin   of  additional   power   required. 

You  may  take  150  revolutions  per  minute  as 
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the  maximum  for  compressors  from  400  to 
1,500  feet  capacity,  and  100  revolutions  per 
minute  as  a  speed  that  will  give  you  a  fifty 
per  cent,  margin  for  the  future,  so  let  us 
assume  that  the  mine  in  question  has  a  future, 
and  take  100  revolutions  per  minute.  If  our 
requirement  is  830  cubic  feet  per  minute  we 
shall  then  require  an  intake  or  compression 
cylinder  which  will  give  us  8.3  cubic  feet  per 
revolution,  and  inasmuch  as  the  cylinder  is 
double-acting — that  is  to  say,  makes  two  dis- 
placements per  revolution,  the  cylinder  must 
have  a  cubic  capacity  of  4.15  cubic  feet. 

Experience  dictates  that  the  average  com- 
pressor cylinder  is  built  for  the  following 
strokes   and   capacities : 

6-in.   stroke  up  to  50- ft.   capacity 
8-in.         "  "      ioo-ft.         " 

10-in.         "  "     200-ft. 

12-in.  "     500-ft. 

16-in.         "  "      700-ft. 

1 8-in.         "  "    1 500-ft. 

24-in.         "  "   2500-ft. 

Our  compressor  will  therefore  be  best  suited 
by  an  18-inch  stroke,  or  1.5  feet.  If  the  capac- 
ity is  4.15  cubic  feet  and  the  stroke   1.5   feet, 

4-15 

the   area   of   the   cylinder   will    be  =2-75 

1-5 
square  feet  or  397  square  inches,  which  is  the 
area  of  a  22^4-inch  cylinder.     The  low-press- 
ure cylinder  will  therefore  be  22^X18. 

It  is  very  evident  that  if  we  have  two  cylin- 
ders to  do  our  compressing,  there  is  no  good 
reason  why  one  cylinder  should  do  more  work 
than  the  other,  and  there  is  a  very  good  reason 
why  the  work  performed  by  these  cylinders 
should  be  equal,  viz :  because  the  total  work  and 
temperature  developed  will  be  at  a  minumum, 
just  why  would  lead  us  into  mathematics, 
and  so  you  must  take  the  statement  as  a  fact. 
There  is  also  the  mechanical  reason  that 
the  strains  on  the  machine  will  be  at  a  mini- 
mum, and  if  you  construct  the  compressor  of 
the  duplex  type,  both  sides  will  be  alike,  except 
as  to  the  cylinders.  It  can  be  easily  shown 
by  algebraic  method  that  if  our  two  cylinders 
perform  equal  work,  the  intermediate  pressure 
must  be  a  mean  proportional  between  the 
initial  absolute  pressure  and  the  final  absolute 
pressure,  and  the  cylinder  ratios  will  be  as 
the  ratios  of  either  the  high  or  initial  abso- 
lute  pressure   to   the   intermediate.     In    other 


words,  to  put  this  in  such  shape  that  you  will 
easily  remember  it, 

If  P  ^absolute  initial  pressure 

P,  =absolute  intermediate  pressure 
Pn:=absolute  final  pressure 


then    Pa=VPxPn 

Take  our  example :  Our  initial  pressure 
is  atmospheric,  or  147  absolute.  Our  final 
pressure  is  95  pounds  gauge,  or  109.7  abso- 
lute. The  intermediate  pressure  will  then  be 
Pj^V  14.7X109.7  or  40  pounds  absolute=25.3 
pounds  gauge  pressure.  Our  proportion  then 
stands  14.7 140: 140: 109.7,  which  represents  a 
ratio  of 

40       109.7 

to =2.74 

14.7        147 
The  cylinder  ratios  will  therefore  be  indenti- 
cal    with    the    pressure   ratios,    and   our   high- 
pressure    cylinder    will    have    a    capacity    of 

I 

of  the   low  pressure.     The  strokes  being 

2.74 

the  same,  the  area  of  the  high  pressure  cylin- 
1 

der  will  be  of  the   low  pressure,  which 

2.74 
was  397  square  inches.  Dividing  this  by  2.74, 
we  have  145  square  inches  as  the  area  of 
the  high-pressure  cylinder.  This  corre- 
sponds to  a  diameter  of  i2,l/2  inches.  The 
compressor  will  then  be  a  22^-inchxi3^2- 
inchxiSinch  stroke,  and  you  will  be  justi- 
fied in  taking  the  nearest  size  to  this  that 
the  manufacturers  can  supply. 

You  will  note  that  as  the  altitude  increases, 
the  initial  absolute  pressure  diminishes,  and 
as  the  final  pressure  remains  the  same,  the 
pressure  ratio  grows  larger  as  the  altitude 
increases.  For  example:  At  10,000  feet  the 
atmospheric  pressure  is  ten  pounds,  instead 
of  14.7  pounds,  and  if  you  go  through  the 
same  calculations  that  we  have  just  made, 
you  will  find  that  the  cylinder  ratios  will  be 
3.3  instead  of  2.74,  and  this  will  make  the 
high-pressure  cylinder  only  12J/2  inches  in 
diameter  instead  of  13^2  inches  in  diameter, 
and  the  intermediate  pressure  will  be  18.3 
pounds  instead  of  25.3  pounds.  Such  a  com- 
pressor would  not,  however,  be  able  to  do 
the  work  contemplated  in  the  problem  we 
have  considered,  for  the  reason  that  while  the 
weight    of    air    necessary    to     do    work    re- 
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mains  practically  the  same  for  reasonable  alti- 
tudes, the  capacity  of  the  compressor  dimin- 
ishes as  the  altitude  increases.  It  is  true  the 
volume  remains  the  same,  but  it  has  not  the 
weight  and  therefore  you  must  increase  the 
size  of  the  cylinder  required  at  sea  level  by 
the  ratio  between  the  ratio  of  compression  at 
sea  level  and  the  ratio  of  compression  at  alti- 
tude. 

In  our  problem,  the  ratio  of  compression  at 
sea  level  is  7.5  and  the  ratio  of  compression 
at  altitude  of  10,000  feet  is  II.  The  sea 
level  compressor  must  be  increased  therefore, 

11 
or    1.47  times,  to  give   the  same  weight 

7-5 
of  compressed  air  at  10,000  feet  altitude,  or, 
to  put  it  even  more  simply,  it  will  take  11 
strokes  of  the  same-sized  compressor  piston 
at  10,000  feet  altitude  to  give  the  same  com- 
pressed air  or  to  do  the  same  work  as  7j/£ 
strokes  will  do  at  sea  level. 

In  our  problem  this  would  make  a  low- 
pressure  cylinder  of  27  inches  instead  of  22^4 
inches,  and  a  high-pressure  cylinder  of  15 
inches  instead  of  12V2  inches.  In  other  words, 
this  altitude  compressor  is  nearly  fifty  per 
cent,  larger  to  do  the  same  work. 

A  proper  understanding  of  these  simple  cal- 
culations will  enable  you  to  check  up  com- 
pressor sizes  and  proportions,  and  no  one 
could  furnish  you  with  a  sea  level  compressor 
for  an  altitude  one,  and  vice  versa.  We  have 
assumed  eighty  per  cent,  volumetric  efficiency 
in  this  problem,  but  if  the  compressor  happens 
to  be  a  slow-speed,  mechanical-valve  machine, 
ninety  per  cent,  could  be  assumed.  The  figures 
I  have  given  you  are  safe,  and  taken  from 
average  plants,  and  it  will  be  necessary  for 
you  to  use  your  judgement  is  assuming  a 
higher  or  lower  factor. 

To  determine  the  amount  of  compressed 
air  required  for  re-heating:  It  is  practical 
to  re-heat  air  from  300  to  400  degrees  Fahren- 
heit in  various  ways  and  great  economy  real- 
ized, especially  for  pumping  and  hoisting,  and 
if  it  is  possible  you  may  reduce  the  quantities 
of  cold  air  which  we  have  figured  for  this 
work  by  the  ratio  of  the  atmosphere  to  the 
compressed  air  temperature  absolute.  Thus, 
if  the  atmosphere  is  at  60  degrees  Fahrenheit, 
or  520  degrees  absolute,  and  the  compressed 
air  is  used  at  300  degress  Fahrenheit,  or  760 


degrees  absolute,  then  the  cold  air  volume  for 

520 

your  work  may  be  taken  at  the  ratio  of  

760' 
or  about  seventy  per  cent,  thus  making  a 
saving  of  thirty  per  cent. 

In  conclusion,  let  me  caution  you  about 
being  led  astray  by  that  Will-o'-the-Wisp, 
"Efficiency."  When  you  come  to  choose  be- 
tween compressed  air  and  some  other  power 
to  do  mining  work,  "Utility"  should  always 
be  the  standard  for  comparison. 

It  is  seldom  that  any  set  of  conditions  calls 
for  the  exclusive  use  of  one  kind  of  power, 
and  it  is  not  good  engineering  to  make  an 
installation  the  victim  of  any  fad  or  prejudice. 
Whether  it  be  steam,  electricity,  water  power 
or  compressed  air,  or  a  combination  of  any 
or  all  of  them,  let  the  sole  and  only  qualifica- 
tion be  determined  on  the  basis  of  commercial 
efficiency. 


CHARGING   MACHINES  FOR  CUPOLAS* 

The  designers  are  indebted  to  the  blast  fur- 
nace operators  for  the  idea  of  the  charging 
machine.  Every  one  is  familiar  with  the  skip 
hoists  and  the  great  saving  effected  over  the 
old  practice  of  using  elevators  and  dump  bug- 
gies pushed  by  laborers.  This  refinement  in 
handling  charges  naturally  was  introduced  by 
the  blast  furnace  people,  as  their  operations 
are  continuous  for  months,  24  hr.  a  day.  The 
elimination  of  laborers  made  tremendous  econ- 
omy in  cost  of  production.  The  skip  hoist  is 
an  end  dump  and  is  fitted  with  automatic 
features  which  would  not  be  applicable  to  the 
conditions  in  cupola  practice.  There  have  been 
end  dump  machines  used  for  cupolas,  and  the 
author  believes  such  a  device  is  in  use  at  the 
Pennsylvania  Car  Wheel  Company.  The 
Whiting  Company  has  adopted  the  side  dump, 
claiming  it  to  be  simpler  and  better  for  con- 
tinuous movement  of  cars.  Other  advantages 
are  that  there  is  less  handling  of  cars  and  a 
narrower  charging  floor  is  permissible. 

The  construction  of  the  Whiting  pneumatic 
machine  is  illustrated  in  the  drawings.  Fig.  I 
gives  elevations  of  the  machine  with  the  car 


*From  a  paper  by  G.  R.  Branden,  read  be- 
fore the  Pittsburgh  Foundrymen's  Association 
March  2,   1008. 
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FIG.  I.— CUPOLA   CHARGING   MACHINE   WITH    CAR 

in  position  rea.dy  for  raising  and  in  dumping 
position.  The  machine  consists  of  a  platform 
hinged  at  a  level  above  the  charging  platform 
on  the  side  toward  the  cupola,  provided  with 
a  track  for  the  charging  car  in  line  with  the 
stationary  tracks,  guard  angles,  as  shown,  and 
a   hook   for   holding  the  car   to  the   platform 


READY  TO   DUMP   AND  IN   DUMPING  POSITION. 

when  being  dumped.  A  dumping  cylinder  is 
supported  by  framing  attached  to  the  charg- 
ing floor  and  pivoted  to  allow  the  slight  swing 
required  when  the  platform  is  tipped.  The 
piston  rod  is  pivoted  in  a  bracket  attached  to 
the  underside  of  the  platform.  The  platform 
is  constructed  of  structual  shapes  and  all  joints 


FIG.  II.  — FRONT  AND  SIDE    ELEVATIONS  OF  A  COMPOUND  CUPOLA   CHARGING    MACHINE 
ARRANGED  TO   ELEVATE  CAR   BEFORE   DUMPING. 
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are  strongly  riveted ;  the  hinge  pins  are  of 
ample  size  and  are  arranged  for  easy  removal 
and  replacement.  An  apron  plate  is  hinged 
to  the  platform  and  laps  over  an  inclined 
chute  in  front  of  the  cupola  door.  The  con- 
trolling valve  is  located  at  any  convenient  point 
and  is  piped  to  the  cylinder  and  connected  with 
the  air   supply. 

In  operation,  the  car  is  run  on  the  platform 
and  the  hook  engaged  with  an  eye  attached 
to  the  car  frame.  Then  the  valve  is  opened 
to  admit  air  into  the  operating  cylinder,  and 
the  platform  is  raised  to  the  dumping  position. 
The  iron  charges  are  put  on  cars  with  ends 
about  12  in.  high,  but  open  on  both  sides. 
Coke  cars  have  ends  and  sides  inclosed,  one 
side  being  fitted  with  a  hinged  door.  By  ma- 
nipulation of  the  valve  the  charges  may  be  dis-' 
tributed  as  desired.  The  level  of  the  charges 
must  be  maintained  3  to  4  ft.  below  the  level 
of  the  door  sill  to  get  the  best  results.  Electric 
power  may  be  used  in  place  of  compressed  air, 
using  a  geared  hoisting  machine.  The  ordin- 
ary crane  controller  will  give  the  different 
movements  and  speeds  required. 

A  device  of  this  character  is  necessarily  of 
greatest  benefit  where  the  cupola  output  is 
large  and  the  speed  of  melting  relatively  high. 
A  cupola  54  in.  in  diameter  inside  of  lining 
is  about  the  smallest  size  which  should  be 
charged  by  machine.  With  a  No.  g]4  Whit- 
ing cupola,  90-in.  shell,  72  in.  inside  diameter, 
and  melting  20  tons  per  hour,  two  men  with 
the  charging  machine  perform  the  work  which 
would  otherwise  require  five  or  six  men.  As- 
suming the  duration  of  heat  to  be  4  hr.,  the 
saving  in  labor  will  be  12  hr.  time,  at,  say, 
17^/2  cents,  or  $2.10  per  day,  which  represents 
an  annual  saving  of  $630,  or  about  200  per 
cent,  on  the  investment. 

The  charging  door  in  the  cupola  for  use  with 
this  machine  is  9  in.  above  the  charging  floor. 
To  obtain  maximum  economy  of  fuel  the 
charging  floor  should  be  from  20  to  24  ft. 
above  the  bottom  plate,  or  about  5  ft.  higher 
than  for  hand  charging.  Other  charging  doors, 
at  ordinary  hight  for  hand  charging,  are  lo- 
cated at  the  sides  for  use  in  emergency,  and 
for  leveling  the  stock  charged  by  the  machine 
if  this  should  ever  be  necessary. 

The  company  has  devised  a  compound  ma- 
chine, shown  in  Fig.  2,  for  use  in  connection 
with  low  charging  floors,  consisting  practically 
of  an  elevator  of  the  plunger  type,  which  lifts 


the  car  and  charging  machine  together  to  the 
required  level.  The  two  mechanisms  are  con- 
trolled independently  and  may  be  operated  by 
pneumatic  power,  as  shown,  or  by  electric 
power.  The  original  charging  doors  may  be 
left  in  the  cupola,  being  shifted  as  necessary, 
and  used  for  hand  charging  and  leveling. 


DRYING   WOOD 

The  question  was  recently  asked,  "What  do 
you  mean  by  stating  that  a  drykiln  should  be 
arranged  to  dry  by  means  of  a  natural  draft 
as  being  most  economical  and  effective,  also 
automatic  in  its  operation  ?"  To  answer 
briefly,  drying  by  natural  draft  is  an  arrange- 
ment using  only  heat  and  the  moisture  in  the 
lumber  to  circulate  the  air  or  give  draft  to  the 
kiln  using  the  open-air  method ;  or,  heat,  the 
moisture  in  the  lumber  and  cold  water,  in  the 
condensing  method.  One  advantage  is,  over 
that  of  some  of  the  force-draft  methods,  in 
having  as  applied  by  the  sun  a  radiant  heat 
within  the  room. 

Its  economy  is  partly  in  the  fact  that  it  is 
automatic,  the  movement  of  the  air  being 
quickened  by  the  moisture  absorbed  (the  air 
becoming  lighter  as  moisture  is  absorbed  in 
the  form  of  gas),  and  as  the  moisture  de- 
creases (the  lumber  becoming  dry)  the  air 
becomes  less  rapid  in  its  motion,  although 
increasing  in  temperature.  In  the  force-draft 
method  the  draft,  being  created  by  force  out- 
side the  kiln,  plainly  cannot  be  automatic  or 
natural,  and  is  only  capable  of  regulation  by 
constant  attention  of  the  operator. 

The  changing  methods  of  drying  have  been 
brought  about  also  by  reason  of  the  continued 
demand  for  better  work  from  the  manufactur- 
ing wood-worker.  The  first  method — that  of 
the  fan — came  undoubtedly  from  the  observa- 
tion of  the  effect  of  the  wind  in  drying,  with- 
out any  understanding  of  physics  or  that 
Nature's  method  of  drying  the  tree  is  to 
destroy  it  as  quickly  as  possible.  Then,  to 
save  the  cost  of  the  fan  and  the  cost  of  its 
operation,  came  the  chimney-draft  method. 
'I  his  was  followed  by  the  repression,  or  what 
we  term  the  moist-air  natural-draft  kiln,  as 
being  less  influenced  by  air  pressures  (winds 
and  changes  of  climate).  Lastly,  we  have  the 
condensing  kiln  which,  not  being  open  to  air 
and  using  a  strictly  natural  draft  is,  while  of 
more  perfect  control,  also  of  much  better  econ- 


49°2 


COMPRESSED  AIR. 


omy  in  its  operation,  and  came  only  by  reason 
•of  the  demand  of  the  manufacturer  for  better 
•economy  in  the  use  of  steam  and  more  perfect 
drying  of  the  product. 

All  methods  mentioned  have  survived,  the 
two  first  by  reason  of  their  more  rapid  work 
on  softwoods,  when  the  difference  in  value  of 
low-cost  steam  in  greater  consumption  is  held 
to  be  balanced  in  the  lessened  cost  of  amount 
of  radiation  needed,  but,  in  using  exhaust 
sceam  by  applying  in  part  direct,  it  possibly 
dooms  the  force-draft  method  of  drying  lum- 
ber.— E.  E.  Perkins  in  Woodworker. 


VOLUMETRIC    EFFICIENCIES    OF  AIR 
COMPRESSORS 

At  the  Royal  Technical  College  at  Dresden, 
Germany,  W.  Heileman,  using  the  special  com- 
piessor  installed  there,  has  recently  made  some 
investigations  of  compressor  efficiences.  The 
compressor  is  belt  driven  and  has  three  cylin- 
ders, only  two  of  which  were  used  in  the 
tests.  These  cylinders  were:  A,  10.2  in. 
diameter  by  1 1.8  in.  stroke,  double-acting,  with 
tail-rod  and  oscillating  rotary  valves;  B,  8.65 
ins.  diameter,  11.8  ins.  stroke,  single-acting, 
poppet-valves.  The  delivery  pressures  were 
varied  from  21  lbs.  to  114  lbs.  per  sq.  in. 
(gage),  and  the  speeds  from  52  to  108  r.  p. 
ni.  The  chief  quantities  obtained  from  the 
tests  were:  (1)  The  ratio  volume  of  air  at 
suction  pressure  to  piston  displacement,  called 
volumetric  ratio ;  (2)  the  ratio  of  air  volume 
measured  under  atmospheric  conditions  to  pis- 
tor,  displacement,  called  capacity  ratio;  (3) 
the  ratio  of  isothermal  energy  of  delivered  air 
to  the  indicated  work  of  the  compressor,  called 
indicated  efficiency. 

For  cylinder  A,  the  volumetric  ratio  varied 
from  93.4  to  97.2  per  cent.,  the  capacity  ratio 
from  73.0  to  91.9  per  cent.,  and  the  indicated 
efficiency  from  55.1  to  76.8  per  cent.,  when  the 
rotary  valves  were  worked  without  pressure 
equalization.  Substituted  valves  with  pressure 
equalization  gave  materially  lower  figures, 
namely  volumetric  ratios  of  92.9  to  95.1  per 
cent.,  capacity  ratios  57.8  to  84.4  percent.,  and 
indicated  efficiencies  of  42.4  to  68.5  per  cent. 
The  indicated  power  in  both  series  of  tests 
ranged  from  4  to  20  HP.  Cylinder  B,  fitted 
v/ith  poppet- valves,  gave  the  following  results, 
with  indicated  powers  of  1.6  to  7.9  HP.  Vol- 
umetric   ratio   90.2   to   94.5   per   cent.,   capacity 


ratio  83.2  to  94.5  per  cent.,  indicated  efficiency 
63.4  to  73.1   per  cent. 

The  results  show  a  very  variable  relation 
between  volumetric  ratio  and  capacity  ratio, 
which  latter  figure  is  of  most  practical  inter- 
est. An  attempt  to  calculate  the  latter  from 
the  volumetric  ratio,  full  temperature  obser- 
vations being  made,  gave  results  differing  from 
the  true  value  by  the  maximum  amounts  of 
7  per  cent.,  21  per  cent,  and  34  per  cent,  in  the 
three  series  of  tests.  The  amount  of  cooling 
water  used  in  the  cylinder  jackets  was  found 
to  have  little  influence  on  the  volumetric  ratio, 
bat  naturally  a  considerable  influence  on  the 
capacity  ratio,  the  latter  being  increased  by 
increased  cooling.  Both  the  capacity  ratio 
and  the  indicated  efficiency  decreased  with  in- 
creasing ratio  of  compression  and  the  de- 
creases were  considerably  larger  in  cylinder  A 
than  in  the  other. — Zeitschrift  des  Vereins 
Deutcher  Ingenieure. 


THE  PROCTOR  TUNNEL  BORING 
MACHINE 

It  seems  to  be  somewhat  obligatory  upon 
us  to  show  this  machine,  at  least  as  a  mechan- 
ical curiosity  and  as  illustrative  of  the  daring 
of  the  modern  inventor.  It  is  an  air  operated 
machine  and  has  been  actually  built,  although 
it  has  as  yet  no  actual  record  of  performance. 

The  cut,  which  we  produce  from  Mining 
Science,  shows  the  construction  and  the  prin- 
ciple of  operation  of  the  machine  with  remark- 
able clearness.  The  idea  is  to  cut  a  circular 
tunnel  out  of  the  solid  rock  exactly  to  the  re- 
quired dimensions  leaving  the  surface  smooth 
and  true.  The  material  removed  is  all  cut 
up  into  fine  chips  instead  of  being  taken  out 
in  rough  masses  of  portable  size.  There  is 
no  drilling  of  holes  and  no  blasting  and  the 
machine  can  work  and  advance  without  inter- 
ruption. 

The  cutting  head  is  attached  to  a  large  hol- 
low '-haft,  which  in  turn  is  mounted  on  a 
heavy  "I"  beam.  This  is  supported  by  frames 
carrying  large  supporting  wheels  which  bear 
on  the  floor  of  the  bore,  keeping  the  head  in 
position  and  allowing  it  to  progress  as  the 
breast  advances.  The  position  of  the  head  h 
steadied  by  the  use  of  a  smaller  wheel  held 
in  contact  with  the  roof  of  the  bore  by  the 
use  of  a  rod  and  piston  actuated  by  air  press- 
ure from  below.     At  the  rear  end  of  the  "I" 
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beam  there  is  a  jointed  connection  with  the 
frame  of  an  operating  truck.  This  joint  is 
so  arranged  that  the  position  of  the  head  can 
be  adjusted  to  change  the  direction  of  ad- 
vance,  either   laterally   or   vertically. 

The  working  head  rotates  slowly  inside  of 
a  short  cylinder  or  shield  and  carries  a  series 
of  scoops  which  take  up  the  debris  from  the 
lower  part  of  the  shield  and,  carrying  it  up 
and  over,  delivering  it  to  a  hopper,  which  in 


individual  cutting  tool  by  compressed  air.  They 
are  simple  in  construction  and  act  on  the 
principle  of  the  air  hammer.  The  tools  are 
so  arranged  as  to  give  an  oblique  blow  and 
are  designed  to  follow  as  nearly  as  possible 
the  natural  chipping  action  ordinarily  used  in 
the  surfacing  of  stone.  They  are  made  with 
a  bit  similar  to  the  ordinary  moil.  The  ar- 
rangement of  the  cylinders  in  the  arms  of 
the  cutting  head  is  such  as  to  "stagger"  the 
circles  of  cutting  so  that  no  two  bits  will 
follow  the  same  path.  They  are  spread  some- 
what in  a  fan  shape,  so  as  to  reach  all  points 
of  the  breast  from  the  center  to  the  extreme 
edge  of  the  bore  which  is  a  trifle  larger  than 
the  shield.  The  operating  truck  runs  on  a 
special  track  and  is  equipped  with  a  pinion 
which  engages  in  a  rack  attached  to  the  track- 
bed.  This  progresses  the  truck,  and  with  it 
the  cutting  head  and  is  readily  regulated  as 
to  the  speed  of  the  advance  by  the  use  of  a 
disk  regulator.  By  this  same  means  the  action 
is  reversed  and  the  entire  machine  is  backed 
away  when  required. 


FACE  OF  CUTTING    HEAD. 

turn  feeds  it  to  the  conveyor  belt.  This  belt 
carries  the  debris  back  and  delivers  it  to  the 
car  which  stands  on  the  tunnel  track  under- 
neath and  in  the  rear  of  the  operating  truck. 

The  cutting  head  is  composed  of  four  arms 
which  of  themselves  are  composed  of  a  series 
of   cylinders,   each    one   of   which    operates   an 


A  REPORTER  GOES  THROUGH  THE 
TUNNRL  UNDER  PRESSURE 

When  the  opportunity  came  of  going  down 
into  the  Pennsylvania  East  River  tunnel  and 
of  being  the  first  man  outside  the  working 
force  to  gain  Long  Island  City  by  this  un- 
usual way,  soon  to  be  daily  followed  by  mil- 
lions. I  confess  1  knew  almost  as  little  of  the 
world-wonder  which  has  been  accomplished 
in   our  midst  as  anv  other  New  Yorker.     We- 
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are  convinced  that  all  live  in  no  "mean  city," 
but  as  to  the  details  we  are  all,  I  think,  a 
little  vague. 

My  idea  was  that  I  would  hop  down  a  lad- 
der, and,  once  in  the  tunnel,  mud-lark  my 
way  along  until  out  of  the  muck  and  mist  the 
glories  of  Long  Island  City,  which  I  had  never 
seen  plainly,  would  burst  upon  me.  Should  I 
wear  ,a  mackintosh  or  a  rain  coat  or  rubbers 
were  the  questions  which  agitated  me. 

Once  I  reached  the  caisson  at  the  foot  of 
Thirty-third  street,  from  which  the  tunnels 
begin  their  mucky  way,  my  plans  were  made 
for  me.  A  doctor  applied  an  instrument  to 
my  heart  and  guaranteed  me  to  withstand 
high  and  hot  air  pressure  for  the  space  of 
half  an  hour. 

"Now  don't  let  those  'sandhogs'  keep  you 
down  there  all  day,"  he  said,  in  kindly  warn- 
ing. "They  will  want  to  show  you  every- 
thing. Cut  it  out  and  come  back  in  half  an 
hour." 

In  a  trice  I  was  dressed  like  all  the  sand- 
hogs  and  looked,  I  felt,  very  much  like  a  stage 
version  of  Jules  Verne's  Captain  Nemo  about 
to  prepare  for  twenty  thousand  leagues  under 
the  sea.  We  were  soon  aboard  an  elevator 
in  the  caisson,  and  sinking  with  many  rough 
jolts  into  the  bottom  of  an  apparently  endless 
shaft.  At  last  we  came  to  our  moorings  with 
a  rough  bump,  and  I  steppd  out ;  to  all  ap- 
pearances I  had  made  a  mistake  in  the  stage 
drop  and  would  have  to  begin  all  over  again. 
I  seemed  to  have  fallen  into  the  lower  stories 
of  the  Hotel  Belmont  or  some  other  of  the 
modern  buildings  which  extend  as  far  toward 
the  center  of  the  earth  as  they  do  above  the 
conservative  steeples  of  our  fathers. 

We  were  in  a  subaquious  or  subterranean  — 
I  am  not  quite  sure  which — palace  of  tiled 
brick,  lighted  by  electricity  to  twin  the  bright- 
ness of  the  most  garish  day.  I  was  turning 
to  look  for  the  subway  station,  the  barber's 
shop,  the  broker's  office,  perhaps  the  bar,  for 
clearly  they  all  had  their  place  and  position  in 
this  palace  of  modern  life,  when  suddenly, 
drawn  by  magic  it  seemed — an  endless  cable  I 
afterward  learned — a  whole  convoy  of  muck 
carts  came  into  view,  loaded  down  with  the 
debris  of  the  East  River's  last  resistance  to 
the  power  of  compressed  air  and  hydraulic 
jacks. 

We  followed  the  tunnel  in  an  atmosphere 
that  was  sweeter  and  cleaner  than  any  cellar 
I   had  ever   entered,   and   pushed   along   for  a 


hundred  yards  or  so,  until  our  way  was  blocked 
by  a  huge  boiler,  heavily  riveted  and  clamped, 
as  though  contrived  to  keep  within  its  belly 
some  demon  destructive  of  man  and  his  works. 
A  little  mantrap  was  opened,  and  we  crept  into 
this  metallic  coffin,  the  trap  was  closed  behind 
us,  a  man  opened  a  lever,  and  in  a  few  sec- 
onds our  coffin  was  filled  with  a  dense  mist. 
He  was  only  three  feet  away,  but  I  could  only 
dimly  see  the  man  who  held  the  lever,  and  the 
man  who  watched  the  air  clock  had  disappeared 
from  view. 

"Not  so  fast,  not  so  fast,"suggested  Mr. 
Moir,  the  great  boss  of  the  great  hundred? 
million-dollar  job.  The  man  reversed  the  lev- 
er, and  the  atmosphere  cleared  as  if  by  magic. 

"I  suppose  you  never  knew  why  fogs  occur," 
said  my  amiable  mentor.  "It  is  the  contact 
of  different  atmospheric  pressures.  We  must 
sit  here  until  the  atmosphere  is  equalized. 
When  we  entered  it  was  normal.  When  we 
make  our  exit  it  will  exercise  a  pressure  of 
fifteen  pounds  to  every  square  inch  of  our 
bodies."  Slowly,  and  with  infinite  care,  the 
high-pressure  atmosphere  was  admitted.  Now 
and  again  there  would  be  a  rush  o'f  fog,  in- 
stantly banished  by  a  gesture  from  the  all- 
controlling  boss  of  the   job. 

"Ain't  it  awful,"  murmured  one  of  the 
"sandhogs,"  probably  impatient  at  the  careful 
slowness  of  my  initiation  to  strange  atmos- 
pheres. "If  he  can't  blow  air  out  through  his 
ears   he'll    have    to   go   back." 

Now,  the  pressure  was  quite  considerable. 
I  was  made  to  stand  up.  My  mouth  was  as 
dry  as  the  sands  of  the  Sahara,  I  was  ordered 
to  swallow  continually,  then  through  my  ear 
drums  ran  a  sharp  pain.  "I  will  hold  your  nose 
tight,  pull  it  even  if  you  don't  mind,  and  then 
you'll  blow."  I  blew,  and  out  of  my  ears  came 
the  winds,  or  they  seemed  to,  as  from  the  cave 
of   Boreas. 

"Jimmy"  Sullivan  and  Ryan,  the  premier 
"sandhogs,"  were  delighted. 

"You  done  it  and  you  done  it  beautifully," 
they  said.  It  was  pleasant  to  think  that  while 
I  contributed  nothing  to  the  great  work,  and  in 
nowise  deserved  the  piece  of  the  cutting  shield 
with  which  they  afterward  honored  me,  the 
flexibility  of  my  ear  drums  and  the  openness 
of  my  air  tubes  had  prevented  me  from  re- 
tarding  the   great  work. 

Now  the  atmosphere  was  equalized,  both 
clocks  [pressure  gages]  agreed,  the  door  of 
our  iron   coffin  at  the  opposite  end  to  where 
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we  had  entered  was  opened  and  we  stepped 
out  into  the  new  atmosphere,  In  this  zone 
the  tunnel,  the  last  of  the  four,  was  nearly 
completed,  even  to  the  finishing  polish  and 
furbelows  which  tunnels  receive  as  well  is 
gowns — the  concrete  men  were  on  their  job. 
and  only  the  passing  of  the  mud  carts  told 
.that  far  ahead  men  were  still  at  work  in  an 
atmosphere  of  mystery  and  danger.  We  stag- 
gered along,  or  seemed  to,  and  every  one  T 
I  saw  seemed  to  walk  with  a  sailor's  roll. 
Soon  we  were  seated  in  another,  and  the  last 
air  lock,  having  our  systems  toned  up  to  an  air 
pressure  of  31  pounds  to  the  square  inch  of 
body   surface. 

"Jimmy"  Sullivan  had  my  nose  in  a  vice- 
like grip,  and  I  blew  out  the  air  through  my 
ears.  It  was  nice  to  have  him  say  again  J 
"done  it  beautiful,"  but  suddenly  the  master  of 
the  job  shattered  all  my  illusions  as  to  my  new 
accomplishment. 

"You  think  you  are  blowing  air  out  through 
your  ears;  it  feels  that  way,  and  I  could  talk 
till  doomsday  without  convincing  the  "sand- 
hogs"  that  they  are  not.  The  fact  of  the  mat- 
ter is  you  are  admitting  the  air  of  the  new  at- 
mosphere into  your  head,  and  if  you  didn't  it 
would  burst  your  ear  drums;  you  see  the  air 
pressure  has  to  be  equally  adjusted." 

"What  would  happen  if  while  we  are  still 
half  way  suspended,  as  it  were,  between  atmos- 
pheres the  door  of  the  air  lock  should  come 
open?"   I   inquired. 

"We  would  burst,"  said  the  master  boss. 
"The  air  clash  would  be  tremendous — we 
would   be   torn   to   pieces." 

"No,"  said  Ryan,  who  loves  to  live  at  the 
head  of  the  cutting  and  has  to  be  forced  home 
at  nights.  "No  one  knows  whether  we  would 
be  torn  to  pieces,  for  there  are  never  any 
pieces  left.  Once  I  have  heard  big  Bill  tell 
about  a  job  he  was  mixed  up  with,  and  how 
ten  men  were  sitting  in  the  air  lock  when  the 
.door  burst,  and  you  know  them  ten  men  alto- 
gether didn't  make  a  grease  spot. 

"Blow  hard,  blow  hard,"  said  "Jimmy"  Sul- 
livan. The  pain  in  the  ear  drums  passed  with 
the  rush  of  air,  and  we  passed  out  into  the 
thirty-one-pound-pressure  atmosphere. 

You  can  do  anything  down  there  that  you 
can  do  in  our  normal  atmosphere  but  whistle 
— that  faculty  is  lost.  Out  of  the  thousands 
and    tens    of    thousands    of    men    who    have 


worked  in  the  tunnel  at  the  front  of  the  head- 
ing only  one  man  could  whistle,  and  he  died 
suddenly  one  day  whistling  "Down  on  the 
Suwanee  River,"  and  the  doctors  said  he  had 
the  lungs  of  a  bull  rather  than  those  of  a  man. 

We  staggered  along  now  in  the  muck  and 
the  mist.  Each  man  was  doing  his  allotted 
task  calmly  and  gravely,  but  all  men  knew 
that  death  was  not  far  away  if  only  by  the 
escape  devices.  We  climbed  into  the  refuge 
fifty  yards  behind  the  heading,  and  Mr.  Moir 
explained  convincingly  how  any  man  who 
reached  here  was  safe  from  inundation,  "blow- 
outs," and  all  the  other  dangers  which  beset 
the  "sandhog."  "He  would  become  encysted 
as  it  were,  in  the  air  cell,  and  nothing  could 
reach  him.  We  have  only  lost  two  men  since 
our  safety  screen  was  erected.  One  poor  fel- 
low was  bringing  his  shovel  with  him.  He  got 
it  jammed  in  the  door  and  the  waters  over- 
took them." 

Stumbling  over  timbers,  air  pipes,  electric 
wires,  clay  bags  to  blow  into  leaks  we  stag- 
gered along  to  the  shield  and  the  cutting  edge. 
The  shield  is  a  wonderful  machine,  but  you 
will  never  understand  it  from  my  description, 
for  a  realizing  sense  of  the  steel  monster  yo.u 
will  have  to  see  it  yourself.  Around  the  shield 
which  fills  the  whole  circumference  of  the 
tunnel  are  arranged  twenty-seven  hydraulic 
jacks  which  force  the  hardened  cutting  edges 
through  every  kind  of  geological  formation, 
mining  and  dynamite  assisting  when  most 
stubborn  rock  is  encountered. 

In  the  murk  and  the  mist  and  the  drenching 
fog  already  we  could  see  the  glint  of  the  shield 
that  had  traveled  from  Long  Island  City,  and 
we  could  see  that  the  two  powerful  engines 
were  only  eighteen  inches  apart.  The  jacks 
were  started,  the  shields  quivered  and  shook, 
they  moved  forward,  like  caterpillars  resting 
on  their  tails,  and  soon  they  touched  all  around 
the  circumference,  but  for  an  impertinent  rock 
lodged  in  one  corner.  "Jimmy"  Sullivan  was 
for  blowing  the  thing  to  smithereens,  but  Moir 
said  : 

"No  bulldozing,  boys,  now,  least  of  all  when 
we  have  got  the  East  River,  backed  by  the 
Atlantic  Ocean,  just  where  we  want  'em." 
Quietly  he  plotted  the  destruction  of  the  rock, 
and  together  we  climbed  into  the  Long  Island 
shield,  while  both  gangs  cheered  the  comple- 
tion of  the   work  and   the  man   who  had  been 


4906 


COMPRESSED  AIR. 


with  them,  and  guided  them  from  start  to  fin- 
ish. 

"Now  you  have  an  idea  of  the  conditions 
under  which  the  battle  has  been  fought,"  ex- 
plained the  master  builder.  "All  we  have  had 
to  do  really  was  to  keep  cool  and  not  get 
excited.  I  think  we  have  done  that  for  four 
years,  and  the  rest  was  easy.  We  have  kept 
the  water  out  of  our  tunnel  by  compressed 
air,  and  we  have  used  the  water  to  do  our 
digging  and  our  cutting  for  us.  You  have  got 
to  keep  this  air  pressure  nicely  adjusted  to  the 
water  pressure  from  the  river  or  you  will  have 
blowouts.  One  half  pound  of  air,  speaking 
roughly,  holds  about  two  feet  of  water,  so 
there's  the  problem.  Watch  your  water  pres- 
sure and  then  meet  it  with  its  conqueror — 
air. 

"Generally  we  have  our  air  compressors 
making  70  revolutions  the  minute,  but  in  times 
of  great  emergent-}  we  have  put  it  up  to  240 
revolutions,  which  produced  70  pounds  of  pres- 
sure to  the  square  inch,  and  then  the  water 
always  backed  out  gracefully.  The  problem  is 
to  keep  the  water  out  without  blowing  off  the 
roof  of  the  heading,  and  I  tell  the  heading 
bosses  'Don't  be  afraid  of  working  in  wet 
feet.  Let  the  water  ooze  in  at  the  bottom  ;  -ts 
better  that  than  making  a  hole  for  the  whole 
river  to  pour  in  at  the  top.'  " 

As  we  turned  to  go,  "Jimmy"  Sullivan  was 
getting  to  work  with  his  fearful  pet,  which  is 
known  in  science,  but  not  to  "Jimmy,"  as  an 
hydraulic  erector.  Tt  looked  like  a  useless  mass 
of  battered  iron,  but  "Jimmy"  touched  some 
valves  and  pressed  some  buttons,  and  it  began 
to  move  around  with  the  grace  of  a  butter- 
fly. "Jimmy"  watching  and  guiding  it  snooped 
along  the  floor  of  the  cutting,  thrust  out  a 
link  iiito  which  a  "sandhog"  thrust  a  staple, 
and  then,  as  though  it  were  lifting  a  feather,  it 
carried  the  last  segment  of  the  last  iron  ring, 
weighing  a  ton,  and  dropped  it  into  place — 
practically    the   tunnel    was   finished. 

When  we  reached  the  elevators  it  was  davk 
outside,  the  day  was  gone,  and  the  doctor  was 
apprehensive  that  T  should  soon  be  on  his 
hands  with  the  "bends."  All  the  walking 
bosses,  where  we  had  our  coffee,  were  a  lit- 
tle sad,  for  undeniably  the  great  job  is  finished 
and  the  glorious  day  of  the  "sandhogs"  is  over. 
— Stephen  Bonsai  in  New  York  Times. 


THE  BOSS  OF  THE  EAST  RIVER 
TUNNELS 

Over  the  great  submarine  construction  which 
would  be  regarded  as  a  wonder  of  the  world 
if  in  this  progressive  age  and  generation  we 
had  time  for  admiring  and  congratulatory 
pauses,  E.  W.  Moir,  vice-president  of  the  Pear- 
son Construction  Company,  has  presided  day 
and  night  for  four  years.  The  other  men  have 
worked  in  eight-hour  shifts,  with  the  pleasing 
interlude  of  pay  Sunday  every  other  week,  but 
he  has  worked  for  four  years  without  inter- 
mission. Mis  belongings  have  lived  in  a  spa- 
cious apartment  near  the  top  of  one  of  the  new 
sky-scraping  hotels,  and  when  he  goes  to  bed, 
which  is  seldom,  according  to  the  sand  hogs, 
Mr.  .Moir  has  a  telescope  glued  to  his  never- 
closed  eye.  Certain  it  is  that  from  his  eerie 
den  you  can  >ee  the  air  bubbles  in  the  river 
proceeding  from  the  tunnel,  and  he  has  always 
turned  up  on  the  job  before  the  telephonic 
message  of  a  "blowout"  or  some  other  of  the 
hundred  and  one  obstacles  which  have  beset 
the   undertaking   could   reach   him. 

Mr.  Moir,  the  right-hand  man  of  Sir  Weet- 
uian  Pearson,  who  has  so  many  hundred-mil- 
. lion-dollar  jobs  going  on  in  different  parts  of 
the  globe  that  he  only  comes  to  New  York 
once  a  year,  is  the  most  eminent  practitioner 
in  compressed  air  that  the  world  has  ever  seen, 
and  he  is  yet  on  the  sunny  side  of  45.  The 
only  flaw  in  his  record  is  that  he  was  born 
on  the  west  coast  of  Scotland,  but  for  him 
America  has  spelled  opportunity,  as  it  has  in- 
deed for  all  the  men  of  the  twenty-two  na- 
tionalities who  have  worked  under  him  on  the 
great  job. 

He  talks  about  compressed  air  as  Sardou  or 
Clyde  Fitch  talk  of  the  stage,  with  love  and 
respect,  but  without  familiarity.  "Com- 
pressed air  is  like  a  doctor,"  he  says.  "Nev- 
er call  him  in  unless  you  have  to.  If  you  have 
to,  why  that  is  all  right."  Moir  likes  to  talk 
about  Lord  Dundonald,  who  was  an  Admiral 
in  all  the  navies  of  the  fighting  world  before 
the  British  Admirality  would  give  him  his 
chance  at  home,  as  the  first  man  who  suggested 
the  use  of  compressed  air  in  submarine  tun- 
neling, and  he  has  great  praise  for  Mr.  Great- 
head  and  De  Witt  Clinton  Haskins,  the  Amer- 
ican, who  began  the  luckless  brick  tunnel  under 
the  Hudson  in  1890,  with  Moir  at  his  side, 
but  in  the  annals  of  the  Roval  Society  of  Lon- 
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■don,  before  which  august  body  Mr.  Moir  will 
shortly  describe  the  East  River  achievement, 
you  will  find  him  constantly  referred  to  as  the 
builder  of  the  Blackwall  tunnel  and  the  pio- 
neer of  compressed  air  work. 

He  has  had  his  ups  and  downs  like  all  men 
of  achievement,  and  the  reward  for  his,  *n 
view  of  the  primitive  tools  at  his  disposal,  al- 
most incredible  work,  under  the  Hudson  in 
the  nineties  was  a  mechanic's  lien  on  a  hole  in 
the  ground  two  thousand  feet  long,  but  in  this 
failure,  which  was  a  failure  only  in  the  sense 
that  timorous  capital  was  not  forthcoming  to 
complete  the  undertaking,  he  acquired  the 
knowledge  and  trained  the  men,  both  of  which 
were  needed  to  tunnel  the  Thames  in  London 
and  the  East  River  in  New  York. 

The  men  who  have  followed  Mr.  Moir  from 
the  North  River  to  the  Thames  and  then  from 
the  Firth  o'  Forth  Bridge  back  to  the  East 
River  tunnels  for  the  Pennsylvania  system, 
follow  him  not  only  because  he  is  always  in- 
volved in  big  things  and  they  like  to  be  also, 
but  because  he  does  his  best  by  them.  The 
only  explanation  why  a  man  should  want  to 
work  in  the  North  River  tunnel  the  way  the 
work  was  done  in  1890  was  because  the  man 
in  question  had  a  mania  for  risking  his  life. 
To-day  he  has  a  fighting  chance  of  doing  his 
work  and  moving  on  to  another  attractive  job. 

The  pressure  of  compressed  air  at  30  to  40 
pounds  the  average  at  the  tunnnel's  heading 
is,  of  course,  a  danger  not  to  be  played  with. 
In  the  Pennsylvania  tunnels  the  greatest  care 
was  taken  in  the  air  locks,  and  coming  from 
their  work,  which  is  the  crucial  time,  the  men 
were  made  to  stew  in  the  air  chambers  while 
the  atmospheres  were  being  slowly  equalized. 
And  still  men  got  the  "bends."  Sometimes  be- 
cause they  were  physically  prone  to  having 
them,  but  more  often  because,  in  a  hurry  to 
take  their  wives  or  sweethearts  to  Coney 
Island,  they  contrived  to  shorten  their  regu- 
lation  stay   in   the   transition   air  chambers. 

To  save  the  men  from  the  consequences  of 
their  heedlessness  Mr.  Moir  built  another  air 
chamber  above  ground,  at  the  head  of  the 
shaft,  which  is  manned  by  doctors  day  and 
night.  If  the  sand  hog  is  attacked  with  his 
fearful  illness  at  the  show,  if  an  intrusive  air 
bubble  stops  his  circulation  and  menaces  his 
life,  he  hails  a  cab  or  an  ambulance  and  shouts 
"to  the  recompressor,"  and  in  that  knowing 
east   side   of  the   city  every   one   understands. 


He  is  placed  in  the  iron  chamber,  and  the  at- 
mosphere in  which  he  has  last  worked  is  re- 
produced ;  then  gradually,  very  gradually,  the 
pressure  is  withdrawn,  very  slowly  the  atmos- 
phere of  the  recompressor  approaches  that  of 
the  outside,  and  the  air  bubble  which  threat- 
ened the  life  of  a  valuable  man  exudes  harm- 
lessly. 

This  merciful  invention  and  generous  appli- 
cation of  it  has  saved  scores,  and,  indeed,  hun- 
dreds of  lives  in  the  Pennsylvania  tunnels,  and 
the  grateful  "sandhogs,"  remembering  their  fel- 
low-workers and  their  benefactor,  have  had 
one  of  these  air  chambers,  which  has  been  the 
salvation  of  so  many  of  them,  modeled  in  gold 
and  presented  to  Mr.  Moir.  He  likes  it  be- 
cause it  shows  the  way  his  manly  men  like  a 
manly  boss,  but  what  pleases  him  most  about 
the  souvenir,  perhaps,  being  a  practical  man 
and  not  a  sentimentalist,  is  that  the  model  is  a 
true  one.  The  crafty  sand  hogs  saw  to  that, 
and  now  the  great  boss  can  compress  air  with 
a  little  trinket  which  hangs  from  his  watch 
chain  wherever  he  goes. 


THE  OXY-ACETYLENE  BURNER  CUTS 
DOWN  A  BRIDGE 

The  oxy-acetylene  burner  used  for  cutting 
steel  plates  is  essentially  like  that  used  for 
welding,  except  that  it  has  an  additional  oxy- 
gen supply  pipe.  The  principle  is  to  first  heat 
the  steel  to  a  very  high  temperature  with  the 
oxy-acetylene  flame  and  then  by  directing  a 
stream  of  pure  oxygen  oh  the  hot  plate  to 
start  the  independent  burning  of  the  metal 
itself — autogenous  burning.  The  method  is 
simple  and  easy  and  the  cut  is  said  to  be  as 
sharp  as  if  made  with  a  saw.  It  is  in  actual 
commercial  use  in  Europe.  A  transatlantic 
steamer  had  run  in  night  time  against  an  iron 
bridge  which  crosses  the  channel  between  the 
Bassin  d'Eure  and  the  Bassin  Bellot  in  France. 
The  bridge,  which  had  a  length  of  50  meters, 
(164  feet)  a  breadth  of  7  meters  and  a 
weight  of  250  tons,  was  thereby  entirely  de- 
formed and  distorted  so  that  no  ships  could 
pass  the  channel.  Since  several  steamers 
wanted  to  leave  the  next  day,  it  was  soon 
found  that  it  would  be  necessary  to  take  the 
bridge  down.  This  was  tried  with  sawing, 
but  it  was  found  that  this  would  take  at  least 
a  week.  Then  the  oxy-acetylene  method  was 
applied  and  the  job  was  completely  finished 
within  20  hours. 
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CORLISS   VALVES   ON    AIR 
COMPRESSORS 

Simple  Directions  for  Setting  Them,  with 
Diagrams   Illustrating  the  Two   Prin- 
cipal Forms  of  Corliss  Air  Valve 
Drive,  Plain  and  Swing  Plate. 
By  H.  V.  Conrad. 

Theoretically  the  Corliss  inlet  valve  of  an 
air-compressing  cylinder  should  open  the 
port  instantly  at  the  beginning  of  the  stroke 
of  the  air-cylinder  piston,  and  also  close 
instantly  at  the  end  of  the  stroke,  present- 
ing the  widest  opening  of  the  port  at  mid- 
stroke  when  the  piston  is  traveling  at  its 
greatest  speed.  It  is  impracticable,  how- 
ever, to  build  such  cylinders  without  end 
clearance,  made  up  of  the  clearance  between 
the  piston  and  cylinder-head,  plus  that  of 
the  air  ports  under  the  valves,  therefore,  the 
percentage  (if  this  clearance  determines  the 
point  at  which  the  inlet  valve  should  open. 

The  compressed  air  contained  in  the 
clearance  space  at  the  end  of  the  stroke 
should  be  allowed  to  re-expand  to  the  in- 
take pressure  as  the  piston  recedes,  before 
the  inlet  port  is  opened  to  admit  new  air. 
This  takes  place  automatically,  when  spring 
poppet-inlet  valves  are  used,  which  do  not 
open  until  the  pressure  in  the  cylinder  is 
drawn  down  below  the  outside  pressure,  but 
the  Corliss  valve  having  a  fixed  travel  must 
be   adjusted   to    meet   this   condition. 

THE   CLEARANCE. 

Corliss  inlet  valves  are  most  frequently 
found  in  compound  air  cylinders  (also  those 
for  low  air  pressure),  where  two  and  one- 
half  or  three  total  compressions  occur  in 
each  cylinder,  and  we  will  assume  for  il- 
lustration the  compound  air  cylinders  for 
ioo  pounds  terminal  air  pressure.  In  this 
case,  with  the  cylinders  properly  proportion- 
ed, there  will  be  about  2.8  compres- 
sion in  each  cylinder,  or  26  pounds  gage  in 
the  low-pressure  cylinder.  Assume  that  the 
end  clearance  is  equal  to  il/2  per  cent,  of 
stroke  filled  with  air  at  26  pounds  gage;  to 
re-expand  this  air  to  atmosphere,  or  the 
intake  pressure,  the  volume  must  be 
1.5X2.8=4.2  per  cent,  of  stroke,  from  which 
deduct  the  original  clearancee  of  ij^  per 
cent.,  leaving  2.7  per  cent,  of  the  stroke 
that  the  piston  must  travel  before  the  valve 
opens:   see    Fig.   i. 


If  the  data  are  not  at  hand,  nor  procurable, 
for  making  the  above  calculation  for  any  par- 
ticular case,  the  valve  setting  must  be  adjusted 
from  indicator  diagrams  taken  from  the  first 
approximate  setting.  The  accompanying  dia- 
grams represent  two  forms  of  valve  drive;  as 
the  straight  or  plain  drive  wherein  the  valves 
rotate  equidistant  either  side  of  a  center  line 


FIG.   I. 

that  corresponds  with  the  center  of  the  eccen- 
tric travel,  and  the  swing-plate  drive  where 
the  valves  rotate  through  a  greater  arc  during 
the  open  period  than  during  the  closed  period 
of  their  travel. 

THE    PLAIN    DRIVE 

Referring  to  Fig.  2,  which  is  a  plain  drive, 
the  crank-end  valve  will  open  the  port  during 
the  stroke  from  B  to  C  and  will  close  it  from 
C  through  A  to  B.  The  head-end  valve  will 
open  the  port  during  the  stroke  from  D  to  A 
and  close  it  from  A  through  B  to  D. 

Having  determined  by  actual  calculation  of 
the  end  clearance  the  length  of  travel  the  pis- 
ton should  make  before  the  valve  should  open, 
which,  say,  is  equivalent  to  the  crank-pin  trav- 
el from  A  to  B,  determined  the  midpoint  be- 
tween A  and  B,  that  is,  at  X.  Proceed  to  set 
the  crank-end  valve,  first  by  placing  the  crank- 
pin  at  X  and  place  the  valve-arm  in  an  exact 
vertical  position.  M,  which  should  place  the 
valve  on  more  or  less  lap.  Then  adjust  the 
length  of  the  eccentric  rod  to  suit  these  posi- 
tioris. 

Next  rotate  the  crank  pin  to  B,  which  ro- 
tates the  eccentric  to  O,  and  the  valve  arm  to 
02,  which  should  bring  the  valve  line-and-line 
ready  to  open  ;  if  not,  alter  the  length  of  the 
eccentric  rod  and  adjust  the  valve  so  that  it 
will  come  line-and-line.  Then  turn  the  crank 
pin  to  the  center  C,  which  rotates  the  eccentric 
to  P.  and  the  valve  arm  to  P~  at  which  point 
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the  valve  should  be  found  line-and-line  for 
closing.  The  valve  at  the  head  end  of  the  cyl- 
inder is  next  adjusted  by  placing  the  crank  pin 
at  D,  opposite  B,  and  lengthening  or  shortening 
the  valve  rod  R  so  that  the  valve  stands  line- 
and-line  for  opening  the  port,  see  Fig.  H.  Then 
turn  the  crank  pin  over  to  the  center  A,  when 
the  valve  should  be  found  line-and-line  for 
closing. 

If  indicator  diagrams  taken  under  speed  and 
pressure  conditions  show  that  the  valve  opens 


too  late  or  too  early  at  the  beginning  of  the  in- 
take stroke,  see  Fig.  1,  it  means  that  in  case 
of  too  late  an  opening  the  valve  has  too  much 
lap  and  that  position  B,  and  consequently  X, 
should  be  nearer  A,  which  in  readjusting  the 
eccentric  for  this  new  position  throws  it  furth- 
er back.  If  the  valve  opens  too  early,  not  hav- 
ing enough  lap,  position  B,  and  consequently  X, 
should  be  farther  ahead  from  A,  which  throws 
the  eccentric  farther  ahead. 

In  this  form  of  drive  the  eccentric  follows 
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the  crank,  provided  the  motion  is  not  reversed 
by  intermediate  rockers ;  if  so  reversed  the  ec- 
centric leads  the  crank. 

SWJNG-PLATE    DRIVE. 

With  the  swing-plate  drive  the  valves  should 
open  and  close  during  the  same  periods  of 
stroke  as  in  the  previous  case,  and  the  letters 
of  the  diagrams  correspond.  Suppose  the  valve 
of  the  crank  end  is  to  be  set  first,  place  the 
crank  pin  at  point  X,  as  determined  in  the  case 
of  Fig.  2,  and  place  the  swing-plate  on  the 
vertical  center  line  M,  Fig.  3.  Then  place  the 
eccentric  in  the  lower  vertical  position  Ar,  or 
90  degrees  ahead  of  the  crank  pin  center  A, 
and  adjust  the  length  of  the  eccentric  rod  to 
suit  these  positions.  Next  move  the  crank  pin 
to  the  position  B,  which  rotates  the  eccentric 
to  O  and  the  swing-plate  to  0~.  The  crank  end 
valve  should  be  placed  line-and-line  for  open- 
ing the  port,  at  0\  by  adjusting  the  length  of 
the  valve  rod  CR.     Then  rotate  the  crank  pin 


line-and-line  for  closing.  If  indicator  dia- 
grams show  that  the  valves  open  too  late  or 
too  early,  the  correct  point  of  opening  should 
be  arrived  at  as  in  the  case  of  the  straight 
drive. 

In  the  swing-plate  drive  illustrated,  the  ec- 
centric leads  the  crank  unless  reversed  by  in- 
termediate rockers  in  the  valve  gear.  The 
diagrams  are  not  drawn  to  scale,  nor  the  de- 
tails in  exact  relative  positions  to  each  other, 
but  they  illustrate  the  two  principal  forms  of 
Corliss  air  valve  drive  without  taking  into  ac- 
count the  many  various  arrangements  of  detail 
to  be  found  in  use. 

In  compound  compression  the  setting  of  the 
inlet  valves  of  the  high  pressure  cylinder  is 
carried  out  on  the  foregoing  basis. 


FIG.    IV. 

to  the  centre  C,  which  rotates  the  eccentric  to 
P  and  brings  the  swing-plate  back  to  P2,  where 
the  valve  should  be  line-and-line  for  closing. 
The  valve  of  the  head  end  of  the  cylinder 
should  next  be  adjusted.  Place  the  crank  pin 
at  position  D,  Fig.  4,  diagonally  opposite  B. 
which  rotates  the  eccentric  to  T  and  the  swing- 
plate  to  5*.  Then  place  the  valve  in  the  posi- 
tion S*,  line-and-line  for  opening,  by  adjusting 
the  length  of  the  valve  rod  H  R.  Next  rotate 
the  crank  pin  to  the  end  of  the  stroke  A, 
which  rotates  the  eccentric  to  /  and  the  swing- 
plate  to  T2,  at  which  point  the  valve  should  be 


The  Cassier  Magazine  Company  announces 
the  removal  of  its  New  York  offices 
from  No.  3  West  29th  St..  to  No.  12 
West  31st  St.,  to  which  latter  address  all 
communications  should  hereafter  be  sent.  The 
new  home  of  Cassier's  Magazine  is  in  the 
office  building  just  erected  on  the  site  of  the 
former  house  of  the  American  Society  of 
Mechanical  Engineers,  a  location  especially 
convenient  of  access  from  the  new  railroad 
terminals  and  easily  reached  by  the  various 
systems  of  local  transport. 
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COMPARISON   OF   HAND   AND   MA- 
CHINE EFFICINCIES 

OLD     AND     NEW     METHODS       IN      PANAMA      CANAL 
WORK. 

D.  W.  Bolich,  Division  Engineer,  Culebra 
Division,  Canal  Zone,  gives  in  The  Canal 
Record  an  interesting  statement  of  certain 
work  done  and  of  the  comparative  cost,  es- 
pecially in  manual  labor,  under  the  French 
engineers  years  ago  and  under  the  engineers 
at  present  in  charge  of  the  work.  The  com- 
parisons do  not  involve  nationality,  but  rath- 
er the  old  and  the  new  or  hand  and  machine 
methods.  The  notes  as  to  present  work  are 
based  upon  the  work  accomplished  in  Cule- 
bra Cut  during  the  final  month  of  the  last  dry 
season. 

STEAM    SHOVELS. 

There  are  sixty  steam  shovels  some  of  75 
tons  and  some  of  95  tons,  the  70  ton  shovels 
having  2  1-2  and  3  1-2  cubic  yard  buckets  and 
the  95-ton  5  cubic  yards.  We  have  had  shov- 
els that  loaded  as  much  as  2,175  cubic  yards 
of  mixed  rock  and  dirt  (about  half  and  half) 
in  one  day  of  eight  hours.  Of  the  44  shov- 
els which  we  averaged  daily  at  work  during 
the  month  of  March  (1907),  each  averaged 
18,600  cubic  yards  for  the  month,  this  repre- 
senting for  a  day  for  each  shovel  744  cubic 
yards.  Say  that  a  good  man  would  load  6 
cubic  yards  in  eight  hours,  this  would  equal 
the  work  done  by  124  men,  and  the  work 
done  by  44  shovels,  in  loading  only,  would 
represented  the  work  of  5,456  laborers,  as 
against  298  laborers  used  as  pit  men  in  mov- 
ing up  the  shovel  and  clearing  track  and  fire- 
men, the  two  white  men  on  each  shovel  (en- 
gineer and  craneman)  about  equaling  the 
number  of  white  foremen  necessarly  to  han- 
dle 5,457  laborers. 


Another  point  that  should  be  remembered 
in  using  the  steam  shovel  as  a  means  of  ex- 
cavating the  cut,  is  the  question  of  drilling 
and  blasting  the  ground  into  such  sizes  or 
weights,  as  that  men  could  load  same  on  cars. 
A  man  will  generally  handle  a  rock  weighing 
150  to  200  pounds,  or  1  1-2  to  2  cubic  feet; 
a  steam  shovel  will  handle  rock  weighing 
21,000  pounds,  or  189  cubic  feet  (taking 
weight  of  rock  at  only  3,000  pounds  to  the 
cubic  yard,  which  is  very  low). 


Comparing  with  men  loading,  the  fact  that 
we  would  have  to  do  fully  twice,  if  not  three 
times  as  much  drilling  as  for  shovels  must 
be  considered,  and  also  that  while  we  can, 
for  a  steam  shovel,  blast  a  cubic  yard  of 
material  with  one-third  pound  of  explosives, 
for  men,  we  would  use  a  pound  of  explosive 
for  a  cubic  yard  of  material  loaded.  There- 
fore, on  our  drilling  and  blasting,  instead  of 
700  to  800  men,  it  would  take  2,100  to  2,400 
men,  and  instead  of  using,  as  in  the  month  of 
March,  260,000  pounds  of  explosives  for  an 
output  of  815,270  cubic  yards,  it  would  have 
been  necessary  to  use  780,000  pounds,  01 
more,  of  explosives  to  do  this  part  of  the 
excavating  by  hand. 

SPREADERS    AND    TRACKTHROWERS. 

On  the  dump  ground  as  to  tracks:  These 
are  laid  by  hand  and  do  not  involve  the 
question  of  machinery.  After  the  track  is 
once  laid,  it  becomes  necessary  to  keep 
throwing  it  out  to  the  edge  of  the  dump  in 
order  to  distribute  more  material.  In  throw- 
ing this  track,  we  use  a  track  throwing  ma- 
chine. This  machine  will  throw  5,400  lineal 
feet  (or  120  feet  over  a  mile)  of  track,  9  feet 
in  eight  hours,  and  represents  the  work  of 
500  to  600  men  in  the  same  length  of  time. 
This  machine  is  handled  by  three  white 
men  and  six  laborers,  and  as  5,400  feet  of 
track  thrown  each  day  9  feet  on  an  18-foot 
height  of  dump  would  take  care  of  the  daily 
output  at  this  time,  this  machine  would 
show,  therefore,  a  saving  in  the  number  of 
laborers  of  from  500  to  600  men  throwing  by 
hand.  The  nine  men  operating  this  machine 
are  about  equal  in  number  to  the  foremen 
that  would  be  required  to  direct  a  gang  of 
500  to  600  men. 

In  unloading  material  from  cars  with  plows 
and  unloaders,  a  material  gain  is  made  in  the 
less  number  of  laborers  needed  to  take  care 
of  the  output.  The  best  record  that  has  been 
made  here  by  a  single  unloader  has  been  16 
trains  in  eight  hours,  or  5,000  cubic  yards. 
This  shows  that  7  unloaders  and  plows  would 
take  care  of  our  daily  output  as  to  the 
month  of  March,  and  would  mean  that  28 
white  men  and  42  laborers  and  firemen  with 
the  machines,  could  unload  32,000  cubic 
yards  a  day.  Estimating  that  a  man  would 
unload  12  cubic  yards  a  day  of  eight  hours 
by  hand  (as  against  6  cubic  yards  loading)  it 
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would  mean  that  by  old  methods,  or  unload- 
ing by  hand,  it  would  take  2,660  laborers  with 
necessary  white  foremen  (say  100),  as  against 
machines  with  28  white  men  and  43  laborers 
and  foremen.  This  has  actually  been  accom- 
plished by  one  machine.  But,  even  assum- 
ing that  20  machines  were  used,  the  compar- 
ison would  show  that  the  machines  with  120 
laborers  would  accomplish  as  much  in  un- 
loading as  2,660  laborers  by  hand,  the  white 
men  on  the  machines  being  about  equal  in 
number  to  the  white  foremen  handling  the 
laborers. 

After  material  has  been  plowed  off  the 
cars  it  is  then  pushed  away  from  the  track 
by  spreaders,  which  throw  the  material  out 
from  the  track  on  which  cars  have  been 
plowed,  from  9  to  12  feet,  and  cut  down  the 
new  material  to  the  bottom  of  the  ties  of  the 
track  on   which  the   spreader   is   working. 

This  machine,  in  a  way,  does  not  save 
handling  all  the  material  by  hand,  as,  nat- 
urally, with  track  thrown  out  to  edge  of 
dumps  most  of  the  material  runs  down  side 
or  slope  of  dump,  but  it  does  save  in  the 
cost  by  not  making  it  necessary  to  throw 
the  track  to  the  edge  of  the  dump  every  cu- 
bic yard  per  foot  of  the  length  of  the  dump 
and  thereby  stopping  the  use  of  the  dump 
every  hour  or  so;  else  the  material  plowed 
off  cars  would  have  to  be  handled  by  hand. 

This  machine  really  expedites  the  progress 
of  the  work,  but  to  accomplish  this  by  hand 
would  involve,  without  doubt,  the  use  of 
3,000  laborers  as  against  eight  machines,  16 
white  men  and  24  laborers  and  firemen. 

AS    TO    HANDLING    OF    MATERIAL. 

Hauling  the  material  from  the  shovels,  or 
the  starting  point  of  the  output,  to  the  dis- 
posal, or  the  dumping  of  same,  brings  in 
the  transportation  or  train  service,  and  the 
modern  engine  and  car  as  compared  with 
the  engine  and  car  of  25  years  ago. 

The  engines  as  used  by  the  French  com- 
panies, and  which  have  been  rebuilt  by  us  (i. 
e.,  the  "standard  type  used  by  them),  will 
haul  10  or  12  of  the  old  French  dump  cars, 
which  hold  (as  we  estimate  in  our  reports) 
4  cubic  yards,  or  would  represent  a  train  car- 
rying 48  cubic  yards  of  material. 

Our  engines  haul  20  Western  dump  cars 
of  12  cubic  yards  each  or  240  cubic  yards  of 
material  per  train,  or  17  flat  cars  of  18  cubic 
yards   each,   or  306  cubic   yards   material;   or 


to  haul  our  present  output  of  32,000  cubic 
yards  daily,  it  would  take  666  French  trains, 
as  against  133  trains  of  Western  dumps,  or 
104  trains  of  flat  cars  of  our  American  equip- 
ment. 

NEW      AND     OLD      METHODS      COMPARED. 

As  a  comparison  of  methods  used  by  the 
French  (which,  of  course,  were  the  methods 
in  vogue  twenty-five  years  ago,  on  construc- 
tion work,  even  in  the  United  States,  or  you 
could  say  hand  work  only),  with  the  modern 
machinery  and  7,000  men,  superintendents, 
foremen,  timekeepers,  laborers,  etc.,  all  told, 
on  the  Culebra  Cut,  we  are  getting  out  and 
disposing  of,  as  to  month  of  March,  815,270 
cubic  yards  as  against  282,528  cubic  yards  by 
the  French  at  the  height  of  their  operation 
when  they  took  that  amount  out  of  Culebra 
Cut  in  one  month  with  16,000  to  18,000  (rec- 
ord not  quite  clear)  laborers  alone,  not  in- 
cluding their  superintendents,  foremen,  etc., 
although  probably  of  this  number  of  laborers 
50  per  cent,  was  the  efficient  working  force, 
or  9,000  laborers.  The  results  per  month 
would  be  per  laborer  32  cubic  yards  each,  un- 
der the  French  as  the  output  of  every  man 
connected  with  the  Culebra  Cut  of  116  cubic 
yards  each  per  month  under  the  Americans. 

It  should  be  considered  here  that  our  fig- 
ures are  from  actual  results  and  not  from 
what  the  working  plant  should  be.  It  is  not 
considered  at  this  time  that  the  steam  shov- 
els are  working  more  than  60  per  cent,  of  the 
time  they  should,  on  account  of  all  the  roll- 
ing stock  necessary  to  keep  the  shovels  go- 
ceived,  though  ordered. 

To  get  the  full  output,  would  not  involve 
any  material  increase  in  the  number  of  la- 
borers now  working,  as  it  is  considered  that 
the  maximum  number  of  laborers  required 
to  get  the  daily  output  to  the  amount  neces- 
sary to  complete  the  Culebra  Cut  in  five 
years,   has  very  nearly  been   obtained. 


Grass  along  the  track  and  right  of  way  of 
the  Northern  Texas  Traction  Company  for 
thirty-five  miles  between  Fort  Worth  and  Dal- 
las is  now  removed  by  an  oil  burner  mounted 
on  a  flat  car  run  slowly  over  the  track.  Crude 
oil  is  used  as  fuel.  The  outfit  consists  of  a 
motor-driven  air  compressor,  two  air  reser- 
voirs, three  oil  reservoirs,  and  four  burners, 
together  with  the  necessary  valves  and  fittings. 
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AIR  HOIST  JIB  CRANES 

,  The  dimensional  cuts  on  this  page,  adapted 
from  the  Electric  Railway  Review,  give  all 
the  essential  particulars  of  a  series  of  handy 
air  hoist  jib  cranes  in  service  in  the  Emery- 
ville (Cal.)  shops  of  the  Key  Route  and  the 
Oakland  Traction  Company.  These  cranes  are 
installed  at  the  ends  of  pits  in  the  shops  and 
also  near  the  large  machine  tools.  Each  crane 
supported  at  the  top  and  bottom  by  trunnions 
comprises  .a  vertical  post  of  structural  shapes 
which  give  easy  radical  movement.  The  hori- 
zontal arm  is  made  of  two  light  I  beams  be- 
tween which  the  cylinder  travels  supported  by 
a  two  wheel  carriage.  The  cylinders  are  9-in. 
diameter  and  the  pistons  have  a  travel  of  5 
ft,  the  usual  shop  pressure  of  75  lbs.  giving  a 


the  hoist  automatically  at  any  point,  and  when 
at  its  lowest  position  it  stops  the  piston  before 
it  strikes  the   top   head. 


JIB  CRANE  WITH  AIR   HOIST. 

lift  of  4,500  lbs.  The  lift  and  descent  is  en- 
tirely controlled  by  a  three-way  cock  located 
near  the  lower  end  of  the  cylinder,  hand 
chains  from  the  cross  handle  hanging  'down 
within  easy  reach  of  the  operator.  A  set  col- 
lar on  the  piston   rod  may  be  located  to  stop 


THE     AIK     HOIST. 


An  English  manufacturer  of  carbon  brushes 
has  brought  out  a  brush  holder  for  turbo- 
generators in  which  compressed  air  is  used 
for  maintaining  the  brush  pressure.  The 
brush  is  attached  to  a  brass  piston  which 
moves  in  a  cylinder,  the  pressure  upon  the 
piston  being  applied  through  a  rubber  cap  or 
bag  which  surrounds  the  end  of  the  air  sup- 
ply pipe.  The  pressure,  which  is  about  3  lb. 
per  sq.  in.,  is  secured  initially  by  a  foot  pump 
and  is  afterwards  maintained  by  a  weighted 
cylinder.  Satisfactory  results  are  said  to  have 
been  secured  on  small  turbo-generators  run- 
ning up  to  2,500  to  3,500  r.p.m. 
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A  HOME-MADE  COMPRESSOR  AND 
HAMMER 

The  sketch  herewith  tells  us  quite  clearly 
about  a  home-made  portable  air  compressor 
and  a  pneumatic  jack  or  hammer,  described 
by  a  correspondent  in  a  recent  issue  of  the 
American  Machinist.  The  compressor  is  made 
from  a  little  two  cycle  gas  engine,  in  which 
capacity  it  seems  to  have  been  not  much  of  a 
success.  It  would  run  like  sixty  until  it  got 
hot,  and  then  it  would  backfire  and  stop.    The 


cylinder  is  a  piece  of  3  inch  pipe,  one  end 
screwed  into  the  crank  case  and  the  other 
closed  with  a  pipe  cap.  The  radiating  air 
coating  blades  are  of  sheet  steel  bored  and 
shrunk  on.  As  an  air  compressor  it  is  of 
course  single  acting  with  inlet  and  discharge 
valves  both  in  the  top  head  or  cap.  In  the 
shop  the  flywheel  may  be  belted  to  any  con- 
venient pulley  on  the  line  shaft  or  elsewhere. 
When  the  rig  is  carried  where  there  is  no 
power  available  a  handle  is  screwed  into  the 
wheel  and  it  is  cranked  by  hand.  The  receiver 
is  a  10  gallon  galvanized  iron  tank  fastened 
onto  a  2x8  inch  beam  close  to  the  compressor. 
The  air  is  conveyed  from  the  tank  to  the  ham- 
mer by  a  piece  of  garden  hose. 

The  cylinder  of  the  hammer  is  a  piece  of 
common  iron  pipe  bored  smooth.  If  brass 
pipe  had  been  used  it  would  not  have  required 
boring  and  would  probably  been  cheaper  and 
better.  The  cylinder  in  this  case  was  3  by 
15  inch  and  the  plunger  a  solid  piece  of  3 
inch  shafting  18  inches  long  with  a  cup  leather 
packing  on  the  end.  The  hammer  of  course 
is  not  automatic  but  strikes  a  blow  every 
time  the  pressure  cock  is  opened,  this  move- 
ment closing  the  discharge  cock,  and  vice 
versa. 

We  are  assured  that  this  simple  arrange- 
ment is  not  to  be  dispised.     It  has  been  used 


for  driving  back  crown  sheets,  as  a  holding- 
011  bar  and  for  driving  stay  bolts.  It  could 
be  used  to  good  advantage  ev.en  in  an  up-to- 
date  shop  for  driving  in  close  places. '  Good 
sized  bulges  in  small  fire  boxes  have  been 
driven  back  by  it.  This  was  done  without 
heating,  as  the  fireboxes  were  only  large 
enough  for  a  small  man  with  the  hammer. 


FLORISTS    USE   COMPRESSED    AIR 

At  the  greenhouses  of  Poehlman  Brothers 
Company,  near  Chicago,  said  to  be  the  best 
equipped  if  not  also  the  largest  in  America, 
with  22  houses  of  American  Beauty  roses 
ranging  from  185  to  400  feet  in  length,  a  novel 
method  of  cleaning  the  rose  benches  has  been 
put  into  practice.  Compressed  air  is  piped 
along  the  center  walk  and  connections  are 
made  with  the  benches.  An  operator  with 
hose  and  nozzle  can  start  at  one  end  of  a 
run  and  blow  all  the  dead  leaves  from  the 
stock  and  loose  straw  from  the  manure,  col- 
lecting all  at  the  end  of  the  run  by  a  curtain 
of  canvas  stretched  at  the  point  beyond  which 
it  is  not  desired  to  go.  A  very  little  time  is 
required  to  do  the  work,  and  the  appearance 
of  the  houses  is  wonderfully  improved.  At 
this  estableshment  the  air  lift  also  is  in  opera- 
tion at  various  points. 


CHICAGO  WATER    LOOP 

The  following  was  given  to  the  daily  press 
of  the  country  on  the  First  of  April.  Whether 
the  date  had  anything  to  do  with  it  we  are  not 
informed.  A  twelve-million  dollar  water  loop 
to  encircle  the  business  part  of  Chicago,  is  pro- 
posed by  Frederic  A.  Delano  of  the  Harbor 
Commission.  The  loop,  if  constructed,  is  to 
consist  of  a  canal  300  feet  wide,  extending 
from  Lake  Michigan  to  the  south  fork  of  the 
Chicago  River,  at  about  Twenty-sixth  street. 
This  would  form  a  complete  water  loop  wide 
enough,  and  to  be  made  deep  enough,  to  ac- 
commodate the  largest  ships  of  commerce. 
Mr.  Delano  points  out  that  vessels  could  enter 
the  busiest  centre  of  the  city  at  the  north 
gateway,  load  or  unload,  and  proceed  out  to 
the  lake  again  by  the  southern  door,  which  is 
to  be  by  an  extension  of  the  artificial  water- 
way from  the  south  fork  eastward  through 
Twenty-second  or  Twenty-sixth  street  to  the 
lake. 
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DISTRIBUTING    THE   COST  OF  DIS- 
TRIBUTED  BENEFITS 

The  original  New  York  Subway,  since  the 
recent  opening  of  the  line  to  Atlantic  Avenue, 
Brooklyn,  may  now  be  looked  upon  as  a  com- 
pleted system  of  popular  transport,  and  Com- 
pressed Air,  representing  the  principal  and 
most  responsible  physical  agent  in  its  construc- 
tion, cannot  well  avoid  some  notice  of  this  im- 
portant consummation.  In  the  course  of  time 
— and  not  a  long  time — there  will  naturally  be 
additional  branches  from  and  extensions  of  the 
present  lines,  and  close  connections  with  other 
lines  inevitably  to  be  built ;  but  as  it  is  now  the 
Subway  must  be  considered  a  very  complete 
system,  with  some  of  the  features  of  it  highly 
satisfactory,  but  with  one  special  cause  for  dis- 
satisfaction and  regret.  The  Subway  connects 
the  three  principal  boroughs  of  Greater  New 
York,  bringing  them  practically  much  closer 
together  and  in  more  intimate  and  sympathetic 
touch.  Its  two  termini,  or,  more  correctly, 
three,  are  in  the  most  central  and  accessible  lo- 
cations in  the  Bronx  and  in  Brooklyn,  while 
Manhattan  is  traversed  near  its  backbone  from 
end  to  end. 

Next  to  the  convenience  and  comfort  of  the 
numerous  passengers,  and  the  speed  with 
which  they  are  carried,  the  marvel  to  the  indi- 
vidual is  the  cheapness  of  it.  Two  cents  a  mile 
is  the  current  idea  of  the  long  haul  steam  rail- 
roads, while  in  the  Subway,  for  whoever 
chooses,  it  is  two  or  three  miles  for  a  cent. 
This  cheapness  of  transportation,  considering 
the  distances  traversed,  is  characteristic  of  all 
the  systems  of  popular  conveyance  in  New 
York.  On  some  of  the  surface  lines  it  is  pos- 
sible to  ride  for  a  single  fare  until  one  is,  or 
should  be,  ashamed  to  ride  any  further,  and 
on  the  elevated  lines  any  one  who  is  suffi- 
ciently informed  may  ride  all  day  without  chal- 
lenge. Of  course  not  many  take  advantage  of 
this  opportunity  or  could  find  any  advantage 
to  themselves  in  doing  so,  and  the  company  is 
thus  automatically  protected  from  unlimited 
over-riding. 

The  complaint  of  overcrowding,  which  is  al- 
ways to  be  heard,  and  on  practically  all  lines 
at  some  times  of  the  day,  would  seem  to  be 
the  unavoidable  accompaniment  of  the  low 
fares,  the  profits,  whatever  there  may  be,  being 
all  contributed  by  the  strap-hangers.  It  is 
practically  certain  that  no  line  in  New  York 
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could  pay  expenses  if  it  gave  everybody  a 
seat  at  all  hours  of  the  day. 

The  benefits  of  urban  and  of  interurban 
transportation  are  not  all  upon  the  individual 
passengers  actually  carried.  Each  one  rides 
for  a  purpose  other  than  the  ride  itself.  The 
majority  are  workers  of  some  class  and  are 
going  to  or  from  the  places  of  their  industrial 
activities.  The  workers  of  the  trading,  super- 
vising or  employing  classes  are  working  for 
others  constantly  and  producing  results  to  be 
shared  by  the  many.  The  workers  of  the  wage 
earning  classes  also  are  being  transported  for 
the  benefit  of  their  employers  and  of  their  em- 
ployer's customers.  So  the  many  who  seek 
only  amusement  and  recreation,  when  they 
reach  the  places  where  these  desirable  are  dis- 
pensed usually  pay  quite  liberally  for  them  and 
their  visits  leave  large  profits  where  they  go. 

The  Subway  may  be  considered  as  for  the 
time  reasonably  adequate  for  its  local  traffic 
in  the  business  and  residence  portions  of  Man- 
hattan, but  this  is  its  minor  function  and  also 
is  largely  provided  for  by  other  systems.  Its 
real  purpose  and  promise  of  relief  was  in  its 
outreach  beyond  the  congested  areas,  and  for 
this  its  entire  inadequacy  is  evident  enough  and 
must  be  emphasized  by  vast  discomfort  and 
inconvenience  during  the  present  summer.  At 
the  northern  extremities  of  the  system  Van 
Cortlandt  Park  will  be  reached  by  one  branch 
as  Bronx  Park  with  the  magnificent  '"zoo"  is 
already  reached  bythe  other,  and  the  rush  to 
these  will  be  profitable  to  the  management,  so 
far  as  the  crowding  and  overcrowding  of 
trains  bring  the  profit ;  but  these  profits  will  be 
much  restricted  by  the  insufficent  capacity  for 
handling  and  carrying  the  crowds. 

But  the  most  disappointing  inadequacy  of  the 
Subway  will  be  realized  at  the  southern  term- 
inus of  the  line,  Atlantic  Avenue,  Brooklyn. 
Here  is  effected  the  most  intimate  and  perfect 
connection  of  all  Manhattan  and  of  all  beyond 
it  with  the  Long  Island  Railroad  and  all  the 
magnificent  and  unlimited  possibilities  of  sub- 
urban residence  thereby  afforded.  Besides 
that,  at  this  same  point  is  now  the  best,  short- 
est, cheapest  and  most  available  route  to  the 
popular  seaside  resorts :  Coney,  Brighton, 
Manhattan,  Rockaway,  Far  Rockaway,  Long 
Beach. 

The  incapacity  of  the  Subway  and  its  tunnels 
for  conveying  the  inevitable  crowds  is  self  evi- 
dent and  much  disappointment  and  dissatisfac- 


tion must  develop.  Other  lines  which  are 
planned  will  in  time  help  the  matter,  but  pre- 
cisely where  the  present  line  is  located  is  the 
best  place  for  a  large  increase  of  capacity. 
This  will  entail  of  course  large  expenses,  most 
of  which  would  be  covered  by  the  great  in- 
crease of  receipts,  but  whetber  the  additions 
would  '"pay"  at  once  or  later  is  not  the  only 
question,  because  there  would  be  so  many  ben- 
efitted besides  these  actually  carried,  and  these 
beneficiaries  should  in  some  way  share  the  cost. 


THE  ELECTRIC  AIR    DRILL    PARADOX 

"At  the  last  meeting  of  the  Chemical,  Metal- 
lurgical and  Mining  Society,  Mr.  T.  Lane  Car- 
ter made  some  interesting  remarks  in  regard 
to  electric  rock  drills — of  which  the  Temple- 
Ingersoll  type,  it  will  be  remembered,  is  the 
best  known.  Mr.  Lane  Carter  admits  that  if 
an  efficient  electric  drill  could  be  found  it 
would  be  a  great  blessing,  but  he  does  not  be- 
lieve there  is  much  scope  for  a  drill  which  is 
supplied  by  air  compressed  in  the  mine  by  an 
electric  machine  near  by.  The  only  places 
where  such  machines  would  be  successful  are 
in  countries  like  the  Western  States  or  Italy, 
where  there  is  enormous  water  power,  and 
where  electricity  is  very  cheap.  Until  the  Vic- 
toria Falls  electricity  gets  here,  he  is  of  opinion 
that  power  will  not  be  cheap  enough  on  the 
Rand  for  such  machines." 

The  above,  from  the  latest-to-hand  copy  of 
the  South  .  Ifrican  Mining  Journal,  is  a  good 
illustration  of  the  ease  and  completeness  with 
which  the  Electric  Air  Drill  is  misunderstood. 
The  drill  is  not  in  the  least  an  electric  drill, 
and  it  is  in  no  way  related  to  the  air  operated 
drill  as  heretofore  known.  The  little  portable 
apparatus  accompanying  the  drill  proper  is  a 
pulsator,  and  is  as  much  a  rarifier  of  the  air 
as  it  is  a  compressor,  and  the  power  required 
for  equal  work  instead  of  being  greater  is  only 
one-third  to  one-fourth,  at  the  power  house, 
of  that  required  for  any  of  the  drills  of  the 
more  familiar  types.  The  drill  is  especially  de- 
sirable where  power  is  dear,  instead  of  cheap. 


AMERICAN   SOCIETY  OF  MECHANICAL 
ENGINEERS 

The  semi-annual  meeting  of  The  American 
Society  of  Mechanical  Engineers  will  be  held 
in  Detroit,  Michigan,  June  23-26.  An  entire 
session  will  be  devoted  to  papers  on  the  con- 
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veying  of  materials,  when  hoisting  and  con- 
veying machinery,  including  belt  conveyers, 
the  use  of  conveying  machinery  in  cement 
plants,  etc.,  will  be  discussed.  Among  other 
subjects  which  will  be  taken  up  by  professional 
papers  are,  "Clutches,"  with  special  reference 
to  automobile  clutches,  by  Henry  Souther : 
"Some  Pitot  Tube  Studies"  by  Prof.  W.  B. 
Gregory,  of  Tulane  University,  New  Orleans, 
La.,  and  Prof.  E.  W.  Schroder,  of  Cornell 
University;  "Thermal  Properties  of  Super- 
heated Steam,"  by  Prof.  R.  C.  H.  Heck,  of 
Lehigh  University ;  "Horse  Power,  Friction 
Losses  and  Efficiencies  of  Gas  and  Oil  En- 
gines," by  Prof.  Lionel  S.  Marks,  of  Harvard 
University ;  "A  Journal  Friction  Measuring 
Machine,"  by  Henry  Hess,  of  Philedelphia ; 
"A  Simple  Method  of  Cleaning  Gas  Conduits," 
by  W.  D.  Mount;  "A  Rational  Method  of 
Checking  Conical  Pistons  for  Stress,"  by  Prof. 
G.  H.  Shepard,  of  Syracuse,  University;  and 
"The  By-Product  Coke  Oven,"  by  W.  H.  Blau- 
velt. 

A  lecture  on  "Contributions  of  Photography 
to  our  Knowledge  of  Stellar  Evolutions"  will 
be  delivered  by  Prof.  John  A.  Brashear,  of 
Allegheny,  Pa.  The  usual  receptions  will  be 
held  and  excursions  will  be  made  to  manufac- 
turing plants,  the  ship  building  yards  and  var- 
ious points  of  interest  in  and  around  Detroit. 
Among  the  excursions  planned  is  one  to  the 
University  of  Michigan,  at  Ann  Arbor.  The 
Gas  Power  Section  of  the  Society  will  hold  a 
session,  and  the  Society  for  the  Promotion  of 
Engineering  Education  and  the  Society  of  Au- 
tomobile Engineers  will  hold  a  meeting  in  De- 
troit at  the  same  time. 


The  following  will  be  read  with  interest  in 
connection  with  the  article  by  Mr.  Rix  which 
appears  in  the  present  issue : 

Compressed  air  has  become  so  important 
a  form  of  motive  power  that  any  elucidation 
of  the  principles  involved  is  bound  to  be  inter- 
esting. And  no  one  is  better  fitted  to  ex- 
pound this  subject  than  Mr.  Edward  A.  Rix. 
It  is  30  years  since  he  and  his  partners,  W.  H. 
and  John  B.  Reynolds,  brought  the  Ingersoll 
drill  to  the  aid  of  Adolf  Sutro  in  the  making 
of  the'  great  adit  that  drained  the  Comstock 
lode,  and  it  is  30  years  since  Mr.  Rix  took 
the  same  drill  to  the  Idaho  mine  at  Grass 
Valley  and  replaced  the  old  Burleigh  machnes, 


which  weighed  600  pounds  apiece,  as  against, 
say,  275  pounds  for  a  drill  of  equal  utility 
to-day.  The  Burleigh  had  just  made  a  record 
in  the  Hoosac  tunnel,  a  railway  bore  in  Mass- 
achusetts, where  this  first  machine-drill  was 
invented  about  1872. — Mining  and  Scientific 
Press,  San  Francisco. 


QUESTIONS  AND  ANSWERS 

T.  D.  P.,  Winnipeg.  Manitoba.  O.:  With 
electric  current  supplied  at  $12.50  per  horse- 
power per  annum — 24  hours  service — what 
would  it  cost  to  compress  10,000  cubic  feet  of 
free  air  per  minute  to  50  lbs.  gage,  assuming 
the  barometric  pressure  to  be  normal,  or  14.7 
lbs?  A.:  The  theoretical  cost  of  compressing, 
adiabatically,  I  cubic  foot  of  free  air  per  min- 
ute to  50  lbs.  gage,  is  0.11952  horse— power  and 
therefore  the  cost  per  10,000  cu.  ft.  would  be 
1 195.2  horse-power.  If  to  this  we  add  25  per 
cent,  for  all  losses  in  the  compressor  itself, 
friction,  leakage,  etc.,  the  horse-power  to  be 
actually  delivered  to  the  compressor,  and  not 
taking  into  account  any  of  the  preliminary 
losses,  will  be  1494.  which,  at  $12.50  per  horse- 
power, amounts  to  $186,750. 

E.  R.  S.,  San  Francisco.  Q.  In  your  March 
issue  you  state  the  rule  of  the  A.  L.  A.  M.,  for 
estimating  the  horse  power  of  gasolene  engines 
to  be  the  square  of  the  cylinder  diameter  in 
inches  divided  by  2.5.  Is  there  not  some  factor 
omitted?  We  would  suppose  that  the  length  of 
the  stroke  would  have  much  to  do  with  the 
power.  A  :  The  rule  was,  we  believe,  printed 
correctly.  It  is  of  course  only  a  rough-and- 
ready  rule,  better  as  a  suggestion  to  guess  by 
than  a  guide  for  accurate  computation.  The 
length  of  stroke  would  not  cut  much  of  a  figure 
because  the  shorter  stroke  would  implythe  high- 
er rotation  and  vice  versa.  Gasolene  engines,  es- 
pecially in  automobiles,  are  run  at  all  sorts  of 
speeds,  and  whatever  the  nominal  horse  power, 
by  the  above  or  any  other  rule,  the  actual 
might  be  double  or  one-half  or  almost  any- 
thing. The  presumption  would  generally  hold 
that  the  larger  the  cylinder  diameter  the  high- 
er would  be  the  horse  power.  Instead  of  di- 
viding by  2.5  we  would  multiply  by  its  recipro- 
cal. 0.4.  giving  the  same  result.' 

P.  P.,  Helena,  Montana.  Q. :  I  wish  to  secure 
some  data  on  the  lifting  power  of  compressed 
air  of  various  degrees  of  compression,  the  ob- 
ject being  to  lift  from  2  to  4  cu.  ft.  of  waterper 
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second  to  a  height  of  200  feet — not  necessarily 
a  vertical  lift ;  a  favorable  incline  can  be  had — 
for  purposes  of  irrigation.  Hydraulic  rams  to 
do  this  would  be  too  expensive  and  to  secure 
compressed  air  by  compressors  would  also  be 
too  expensive.  The  plan  would  have  to  be 
along  the  lines  worked  out  by  Mr.  W.  O.  Web- 
ber on  the  Maine  Coast.  Ditch  construction  i3 
not  practical,  but  it  is  practical  to  secure  con- 
siderable fall  for  the  purpose  of  compressing 
air  on  the  plan  referred  to. 

A.:  There  is  no  way  ever  devised  which 
will  dodge  the  expense  in  a  case  like  this.  It 
should  be  noted  that  in  the  description  of  the 
Webber  tidal  air  compressor  in  our  March  is- 
sue the  estimated  cost  of  the  construction  was 
$100  per  horse-power.  The  Taylor  system  which 
uses  falling  water  for  compressing  air  also  costs 
quite  an  amount  for  the  necessary  excavation, 
piping,  etc,  this  varying  largely  with  the  loca- 
tion and  other  conditions.  The  theoretical 
power  required  in  the  case  cited  by  our  cor- 
respondent would  be :  4  cu.  ft.  per  sec.  x  60 
sec.  x  62.5  lbs.  per  cu.  ft.  x  200  ft  lift-h. 33000= 
90.9,  say  91,  horse-power.  Allowing  for  all 
losses,  both  with  the  water  and  the  air,  prob- 
ably nearly  double  this  power  would  be  re- 
quired at  the  beginning  of  the  series.  As  to 
the  best  plan  in  this  specific  case  we  are  unable 
to  advise  without  more  knowledge  of  the  situ- 
ation. 


PNEUMATIC  RIVETING  HAMMERS    IN 
BOILER   WORK 

The  following  question,  with  answers  from 
two  boiler  making  firms,  appeared  in  The 
Boilermaker: 

Q. — Can  you  give  me  an  idea  of  the  char- 
acter of  work  done  with  pneumatic  riveting 
hammers  driving  ^-inch  rivets  in  J^-inch 
sheets  in  the  shells  of  steam  boilers  carrying 
125  pounds  pressure?  Do  they  fill  the  holes 
and  make  good  steamtight  work?  If  so,  what 
size  hammers  are  generally  used  for  this  size 
of  rivet.  We  have  tried  a  6-inch  stroke  ham- 
mer, but  it  did  not  fill  the  holes  properly. 

H.  A.  F. 

A. — The  work  you  describe  is  done  every 
day  and  very  satisfactorily,  too,  in  many  shops, 
but  a  6-inch  stroke  hammer  is  not  the  proper 
size,  as  it  will  not  develop  sufficient  power. 
We  would  recommend  a  hammer  which  has 
a  piston  diameter  of  i^-inch  by  9-inch  stroke, 
and  if  operated  under  an  air  pressure  of  from 


80  to  100  pounds  per  square  inch,  we  are 
sure  %-inch  rivets  can  be  driven  steam-tight. 

D.  P.  T.  Co. 

If  you  have  an  air  pressure  of  from  90  to 
100  pounds  per  square  inch,  and  the  rivets  are 
properly  heated  their  entire  length,  using  a 
pneumatic  hammer  having  a  piston  1  3/16- 
inches  diameter  and  8-inch  stroke  should 
make  absolutely  tight  work,  filling  the  holes 
as  well  as  it  is  possible  to  fill  them  under  any 
other   system  of  riveting. 

We  note  you  say  you  have  tried  a  6-inch 
stroke  hammer.  While  a  6-inch  stroke  ham- 
mer is  used  very  extensively  for  structural 
work,  we  would  not  recommend  a  6-inch 
stroke  hammer  for  driving  steam-tight  work 
on  rivets  larger  than  T/2  inch.  You  are  doubt- 
less aware  that  a  pneumatic  riveting  ham- 
mer may  show  very  satisfactory  results  driv- 
ing rivets  on  structural  work  and  yet  fail 
to  make  steam-tight  work  on  boiler  work.  A 
little  experimenting  will  show  that  the  de- 
gree to  which  the  rivet  is  staved  in  the  hole 
depends  very  largely  upon  the  weight  of  the 
striking  piston.  While  in  the  ordinary  hand 
riveter  for  structural  work  the  piston  is 
1  1/16  inches  in  diameter,  a  class  of  riveters 
with  pistons  1  3/16  inches  in  diameter  is,  by 
virtue  of  the  heavier  piston,  particularly 
adapted  to  steam-tight  work.       P.  P.  T.  Co. 


NEW   BOOKS 

Telephone  Construction,  Installation,  Wiring, 
Operation  and  Maintenance,  by  W.  H.  Rad- 
cliffe  and  H.  C.  Cushing,  Jr.,  The  Norman  W. 
Henley  Publishing  Company,  New  York,  VIII 
+  172  pages,  4%  by  7  inches,  125  cuts.  Price, 
$1.00. 

This  is  not  a  learned  book  by  and  for  the 
college  professor  but  is  for  "the  amateur,  the 
wireman  or  the  engineer  who  desires  to  estab- 
lish communication  between  the  rooms  of  his 
home  office  or  shop ;  between  his  house  and 
shop;  between  his  home  and  the  homes  of  his 
friends ;  or  between  his  shop  and  some  dis- 
tant building."  Everything  is  made  plain  and 
clear  without  any  waste  of  words,  and  the 
book  has  no  padding. 


TRADE  PUBLICATIONS 

Light  Locomotives,  Tenth  Edition,  H.  K. 
Porter  Company,  Pittsburgh,  Pa.  224  uages, 
6x9    inches.     This    handsome    catalogue    com- 
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pares  with  its  predecessors  as  the  present  plant 
of  the  company  compares  with  its  earlier  in- 
stallations. The  annual  capacity  has  increased 
from  20  to  400  locomotives,  and  since  the  im- 
mediately preceding  edition  we  are  assured 
that  the  progress,  in  the  increased  power  and 
efficiency  and  in  the  quality  of  output  has  been 
far  greater  than  during  any  similar  period  be- 
fore. Only  steam  locomotives,  but  these  in 
astonishing  variety,  are  treated  of  in  this  publi- 
cation and  in  addition  there  are  about  80  pages 
of  valuable  tables,  data  and  suggestive  railroad 
information. 


OILING  AIR    DRILLS 

The  following  is  from  an  article  by  Mr. 
m  Claude  T.  Rice  in  The  Engineering  and  Mining 
Journal.  It  has  the  supreme  merit  of  being 
readable  and  interesting.  The  matter  of  lu- 
brication we  believe,  however,  is  not  ignored 
by  the  builders  of  the  drills  to  the  extent  sug- 
gested, and  whoever  will  may  properly  oil  his 
drill  by  means  already  provided,  at  least  by 
the  most  responsible  and  experienced  drill 
manufacturers. 

The  air  drill  is  the  most  abused  machine  in 
use  about  mines,  for  it  is  supposed  to  be  able 
to  stand  all  kinds  of  rough  usuage.  No  one 
seems  to  have  any  real  respect  for  the  air 
drill,  although  many  discuss  the  merits  of  one 
machine  over  another.  The  miner,  seeing  a 
machine  whose  interior  parts  are  as  well  fin- 
ished as  the  interior  of  a  steam  cylinder,  furn- 
ished to  him  without  any  provision  for  oiling, 
naturally  forms  a  sort  of  contempt  for  it  and 
decides  that  it  can  stand  any  treatment ;  there- 
fore he  acts  accordingly.  He  hammers  the 
machine  in  his  rage  when  a  hole  becomes 
fitchered,  although  a  little  shifting  of  the  ma- 
chine on  the  arm  or  a  little  raising  or  lowering 
of  the  arm  on  the  bar  might  have  saved  the 
hole.  Of  course  such  treatment  of  a  machine 
is  foolish,  but  when  I  hear  some  person  ascrib- 
ing high  repair  bills  entirely  to  the  "fool"  ma- 
chineman,  I  often  wonder  who  is  the  fool;  the 
miner,  who  hammers  the  drill  with  a  "double- 
jack,"  or  the  man  with  the  T-square  in  the 
designing  room,  who  is  spending  all  his  time 
on  improving  the  construction  of  the  valve, 
the  piston,  the  ports  and  other  such  refine- 
ments, so  that  he  cannot  find  time  to  devise  an 
efficient   means   of   lubricating   the   machinery. 

Of  course  the  man  with  the  T-square  says 
that  there  is  no  use  in  designing  a  means  of 
oiling  a  machine  that  works  under  such  condi- 


tions ;  the  oil,  he  says,  will  only  cause  dust  to 
stick  more  readily  to  the  moving  parts  and 
cause  them  to  cut.  But  the  air  in  a  raise  is  no 
dustier  than  the  air  near  rolls  that  are  crush- 
ing dry  ore,  and  no  one  advocates  the  non-lu- 
brication of  such  rolls. 

In  present  mining  practice,  at  least  in  the 
Western  camps  of  the  United  States,  the  air 
drills  that  are  oiled  six  times  a  shift  are  like 
the  dodo  bird,  hard  to  find.  The  machineman, 
as  soon  as  he  has  rigged  up  and  connected  the 
hose,  pours  some  oil  in  the  valve,  tells  the 
helper  to  stand  back,  starts  the  machine,  and 
blows  oil  all  over  the  stope.  The  drill  is  then 
generally  considered  to  be  properly  lubricated 
until  noontime;  after  lunch  the  drill  gets  an- 
other "dose  of  oil,"  and  the  stope  a  second 
coat. 

The  oil  is  generally  kept  in  a  tomato  can ; 
half  the  oil  is  spilt  in  the  stope,  and  the  half 
that  is  used  is  soon  heavily  laden  with  rock 
particles.  Sometimes  a  miner,  more  careful 
than  his  mates,  will  bring  from  home  an  empty 
syrup  can.  Such  a  can  makes  a  good  oil  can, 
provided  it  is  stoppered  after  using  and  pro- 
vided also  it  is  placed  at  blasting  time  in  some 
place  where  it  will  be  safe  from  puncture  by  a 
flying   rock. 

Some  companies,  becoming  impressed  with 
the  great  waste  of  oil,  try  to  remedy  the  dif- 
ficulty by  furnishing  an  iron  oil  can  to  the 
miner.  But  as  the  company  charges  the  miner 
50c.  for  the  oil  can  until  he  returns  it,  the 
miner  reluctantly  receives  the  can,  for  he 
knows  sooner  or  later  that  he  will  lose  it. 
Finally  the  can  is  lost  and  the  miner  spends 
50c.  worth  of  his  time  hunting  for  the  can, 
and,  in  case  a  wrangle  arises  through  his  ac- 
cusing some  other  miner  of  stealing  or  hiding 
the  can,  a  good  deal  more  time  (and  possibly 
some  blood)  is  lost.  The  result  is  that  by  us- 
ing this  can,  which  is  no  better  than  the  old 
syrup  can,  a  lot  of  valuable  time  is  lost  in 
hunting  for  the  can  when  it  is  lost.  The  com- 
pany thinks  that  the  miner  pays  for  the  lost 
can,  and  so  he  does,  but  the  company  also 
pays,  considering  the  time  that  is  lost.  The 
trouble  is  not  in  the  oil  can ;  it  is  in  the  meth- 
od of  lubricating  the  drill.  Any  can  (but  not 
any  bottle)  that  keeps  dust  out  of  the  oil  is 
good  enough.  The  remedy  is  not  in  buying 
iron  oil  cans,  hut  in  insisting  that  the  manu- 
facturers devise  -"me  efficient  lubricator  to 
ero  with  their  air  drills. 
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COMPROMISING   IN   MINE    PIPING 

In  the  Journal  of  the  Transvaal  Institute  of 
Mining  Engineers,  Mr.  E.  J.  Laschinger  offers 
the  following  suggestions  : 

The  considerations  involved  in  a  study  of 
economy  of  air  transmission  in  mines  raises 
the  larger  question  as  to  whether  it  may  be 
advisable  to  modify  current  practice  of  air 
compression  on  the  Rand,  at  least  in  certain 
cases.  Would  it  not  be  better  to  increase  the 
pressure  of  air  delivered  by  the  compressors  in 
the  case  of  the  deep-deeps  rather  than  go  to 
the  great  extra  expense  of  putting  in  very 
large,  long  air  mains?  There  may  be  certain 
cases  also  where  existing  mains  are  up  to  the 
economic  limit  in  size,  and  satisfactory  pres- 
sures underground  would  be  obtained  more 
cheaply  by  slightly  raising  the  pressure  at  the 
surface  than  by  installing  new  and  expensive 
mains.  This  is  an  important  matter  for  de- 
tailed investigation.  If  in  any  part  of  the 
system  the  pipes  are  smaller  than  economic 
transmission  considerations  indicate,  the  sizes 
should  be  increased,  but  if  that  limit  has  been 
reached,  the  other  alternative  appears  to  offer 
the   proper   solution. 

Another  argument  against  installing  rather 
large  mains  in  case  of  mines  is  that  the  air 
will  be  delivered  only  at  its  maximum  dis- 
tance from  the  compressors  toward  the  end  of 
the  life  of  the  mine.  During  the  first  years 
the  loss  of  pressure  for  the  shorter  lengths 
will  be  proportionately  small,  and  if  towards 
the  end  of  the  life  of  the  mine  the  pressure 
loss  be  found  to  very  adversely  affect  the 
working  of  the  drills,  it  would  probably  again 
be  more  economical  to  slightly  raise  the  pres- 
sure at  the  compressor  than  to  have  a  large 
capital  sum  lying  unremunerative  for  years. 
There  is  a  tendency  at  present  among  mining 
men  and  engineers  on  the  Rand  to  go  in  for 
large  sizes  of  mains,  and  it  may  not  be  un- 
necessary to  say  a  word  of  caution  against  go- 
ing to  extremes.  If  poor  pressures  obtain  un- 
derground it  is  advisable  to  find  out  where  the 
trouble  lies,  and  what  are  the  best  remedies. 
Are  the  pipes  leaking  badly ;  is  the  main  too 
small ;  or  are  the  distributing  pipes  too  small 
and  badly  laid ;  and,  further,  would  anything 
be  gained  by  raising  the  pressure  at  the  com- 
pressor delivery?  These  four  aspects  of  the 
whole  question  need  each  to  be  separately  con- 
sidered and  investigated. 


FOR  A   COMPRESSED    AIR   WATER 
SERVICE 

By  J.  W.  Lawrence.* 

Out  in  the  country,  where  one  is  away  from 
the  water  mains  of  a  city  and  cannot  be  at- 
tached, it  is  a  source  of  much  satisfaction  to 
have  a  water  supply  on  the  premises  that  an- 
swers as  well  in  many  respects  as  the  city  sys- 
tem. To  have  a  liberal  supply  of  hot  and  cold 
water  on  tap  in  the  house  wherever  you  please, 
upstairs,  downstairs,  or  in  the  cellar,  to  have 
hydrants  in  the  barn  or  stock  yards,  similar 
to  those  in  the  house  yards  in  town,  from 
which  water  may  be  drawn  for  the  stock,  or 
to  which  a  hose  may  be  attached  for  washing 
buggies,  sprinkling  lawns,  or  other  purposes, 
is  possible  under  a  system  which  has  gradually 
been  finding  its  way  into  popular  favor.  This 
sj  stem  has  nothing  to  do  with  the  quality  of 
the  water;  it  is  simply  a  system  for  delivering 
water  already  on  the  premises  in  well,  cistern, 
or  reservoir.  Tt  is  proposed  by  this  system  to 
force  the  water  through  the  pipes  by  means  of 
compressed  air.  The  house  is  piped  in  the 
same  manner  as  if  it  were  in  the  city  and 
connected  to  the  city  mains.  If  it  is  desired 
that  hydrants  he  placed  about  the  yards,  barns 
or  outbuildings,  they  may  be  put  underground 
in  the  same  manner  as  in  the  city,  say  four 
feet  deep,  to  keep  them  from  freezing.  If 
there  are  (lower  beds  or  lawns  to  be  sprinkled, 
a  hose  may  be  attached  to  one  of  the  hydrants 
at  any  time.  The  same  hose  may  be  used  for 
fire  purposes.  With  this  system,  some  house- 
holders have  a  suitable  hose  bibb  in  the  house, 
with  a  line  of  hose  coiled  and  hung  up  ready 
at  hand  for  use  at  any  time.  A  windmill, 
gasoline  engine,  or  some  such  pumping  ar- 
rangement, is  necessary  at  the  start.  Now, 
someone  will  say  that  you  can  have  the  sup- 
ply thus  far  described  by  means  of  an  elevated 
tank  in  connection  with  the  windmill ;  so  you 
can,  but  I  believe  the  compressed  .air  system 
much  better. 

An  air-tight  steel  tank  is  part  of  the  cellar 
of  the  house,  and  may  be  as  large  as  the  own- 
er may  choose  to  purchase.  There  are  manu- 
facturers who  make  them  specially  for  this 
purpose.  If  a  windmill  is  used  for  pumping, 
then  the  water  is  forced  by  the  windmill  pump 
through   pipes  into  the   steel  tank.     The  pipes 
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are  put  underground  out  of  reach  of  frost. 
Some  who  have  adopted  this  plan  have  a  gas- 
oline engine  attached  and  read}-  for  use,  so 
that  if  the  air  is  still,  and  the  windmill  fails  to 
pump  enough  water,  the  gasoline  engine  may 
be  used  in  such  an  emergency. 

Water  having  been  pumped  into  the  tank 
and  the  tank  now  being  partly  filled,  an  air- 
pump  attached  to  the  tank,  and  having  a  long 
lever  worked  by  hand,  is  operated  for  a  few 
minutes,  and  compressed  air,  under  strong 
pressure,  is  put  into  the  tank  with  the  water 
and  will  force  it  out  to  the  last  drop  at  any 
point  in  the  system  of  piping,  and  to  a  height 
within  the  forcing  power  of  the  compressed 
air. 

There  are  many  disadvantages  in  the  use  of 
the  elevated  tank,  either  outdoors  or  indoors ; 
if  outdoors,  it  gets  frozen  in  cold  weather,  as 
will  also  the  exposed  pipe  connected  with  it. 
Then  there  is  the  likelihood  of  dead  birds, 
bugs,  leaves,  dust  and  rubbish  getting  in,  and 
in  summer  the  water  is  apt  to  get  very  warm. 
If  indoors,  the  elevated  tank  may  freeze,  or 
perhaps  leak  and  damage  the  building.  The 
possibility  of  an  elevated  tank  falling  down 
and  doing  much  damage  is  sometimes  present. 

The  compressed  air  water  supply  is  free 
from  the  objectionable  features  mentioned 
above.  The  water  remains  at  a  desirable  tem- 
perature, winter  and  summer ;  is  kept  perfectly 
clean  in  the  tank  if  delivered  to  it  in  a  clean 
condition.  The  air  in  the  tank  mixes  some- 
what with  the  water  and  helps  to  aerate  it, 
keeping  it  sweet  and  clean.  There  are  now 
manufacturers  who  can  supply  these  outfits 
suited  to  a  small  house  or  a  great  building. 


AN   AIR    PLUG    DRILL    CUTS    A    HOLE 
THROUGH  A  CONCRETE  DAM 

An  interesting  piece  of  concrete  cutting  by 
means  of  1V2  in.  flat  chisels  used  with  a  com- 
pressed air  plug  drill  was  accomplished  at 
Ithaca,  N.  Y.,  last  summer,  the  work  being  de- 
scribed by  Prof.  Ernest  W.  Schoder,  of  Cor- 
nell, in  a  recent  issue  of  Engineering  News. 

The  problem  was  to  cut  through  a  ten-year 
old  concrete  dam  a  circular  hole  for  a  flood 
wasteway,  at  the  upstream  end  of  which  it 
was  intended  to  place  a  60-in.  sluice  gate.  The 
dam  is  on  Fall  Creek  and  forms  the  20-acre 
reservoir  utilized  by  the  hydraulic  laboratory 
and  by  the  hydro-electric  power  plant  of  Cor- 
nell University. 


The  stone  in  the  concrete  is  crushed  shale, 
and  the  cement  used  a  mixture  of  Rosendale 
and  Portland.  The  concrete  seemed  to  be 
soft  and  tough  rather  than  hard  and  brittle. 
On  account  of  the  difficulty  of  drilling  holes  in 
concrete  of  this  texture  the  plug  and  feather 
method  was  not  feasible,  and  with  the  air 
drill  the  rapid  action  of  the  tool  made  it  al- 
most impossible  to  prevent  it  from  sticking. 
Chipping  by  i-in.  flat  chisels  did  not  work  sat- 
isfactorily, but  the  wider  iT4-in.  chisels  seemed 
to  be  suited  to  the  material. 

The  thickness  of  the  dam  is  16  ft.  where  the 
hole  was  cut,  the  invert  being  2T/2  ft.  above 
the  rock  creek  bottom.  The  hole  is  SlA  ft-  in 
diameter  for  the  downstream  13  ft.  of  its 
length,  and  6  ft.  in  diameter  for  the  last  3  ft. 
near  the  upstream  face  of  the  dam. 

The  hole  was  cut  at  an  average  rate  of  ex- 
actly 1  ft.  per  day  of  nine  hours,  using  a  sin- 
gle drill  with  air  at  70  lbs.  pressure.  Two 
Italian  laborers  alternated  in  holding  the  drill. 
A  liberal  supply  of  sharp  chisels  was  kept 
ready  so  that  there  was  no  deplay.  The  chisels 
were  sunk  into  the  concrete  until  the  repeated 
blows  of  the  plug  drill  hammer  caused  a  piece 
to  break  out.  A  few  seconds  to  five  or  ten 
minutes  were  necessary  to  break  out  a  piece 
of  the  concrete.  As  the  men  became  accus- 
tomed to  the  drill  they  used  at  times  a  wedg- 
ing method  by  sinking  two  or  three  chisels 
into  the  concrete  along  a  line  calculated  to 
loosen  a  large  piece  containing  perhaps  ^2  cu. 
ft.  of  material.  This  worked  well,  especially 
when  the  lower  portion  of  the  hole  was  ad- 
vanced ahead  of  the  upper  portion.  No  water 
leaks  were  encountered.  When  the  cutting 
approached  within  1  ft.  of  the  face  of  the 
dam.  the  reservoir  was  emptied  through  the 
laboratorv   canal. 


ROCK  EXCAVATION  ON  THE  CLYDE 

The  deepening  of  the  Clyde  Channel  to  a 
minimum  of  28  ft.  below  low  water  of  the 
spring  months  was  completed  last  year,  by  the 
removal  of  rock  from  the  Elderslie  reef  over 
an  area  of  STA  acres.  The  removal  of  this 
reef  was  started  in  1886  when  the  minimum 
depth  at  low  water  was  only  14  ft.  The  chan- 
nel was  deepened  to  a  minimum  of  20  ft.  by 
the  removal  of  110,000  tons  of  rock.  In  1903 
it  became  necessary  to  further  increase  the 
depth   of  the  channel   and   contracts   were  let 
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to  Messrs.  W.  Hill  &  Co.,  London,  for  the 
removal  of  an  additional  ledge  of  8  ft.  In 
order  to  locate  the  work  two  parallel  rows 
of  poles,  about  300  ft.  apart  were  set  up  on 
base  lines  on  the  bank  of  the  river,  the  poles 
in  each  row  being  on  25-ft.  centers.  At  first 
the  drilling  of  the  rock  was  accomplished  from 
a  barge  within  which  was  a  caisson  that  could 
be  lowered  and  raised  by  steam  winches.  The 
caisson  was  large  enough  to  accommodate 
six  or  seven  men,  and  contained  six  Ingersoll- 
Sergeant  compressed-air  rock  drills.  When  at 
work  in  the  river,  the  position  of  the  barge 
was  regulated  from  the  bearings  of  the  poles 
or  stakes  ahead}-  described  on  the  south  bank, 
and  its  distance  from  the  base  line  was  meas- 
ured by  means  of  a  wire  rope  with  marks 
every  ten  feet,  wound  or  unwound  as  required 
by  a  reel  on  the  deck  of  the  barge.  Owing 
to  the  difficulty  of  steadying  the  caisson  on 
the  uneven  bottom,  and  the  limit  to  the  lengths 
of  the  boring  rods  which  could  be  used  in 
the  caisson,  this  mode  of  working  was  found 
to  be  unsuitable,  and  the  contractors  provided 
barges  equipped  with  Ingersoll  percussion 
drills  suspended  along  one  side  of  the  barge 
by  chains  passing  over  pulleys  on  the  top  of 
an  iron  frame-work.  The  drills  were  slung 
in  guiding  frames,  leaving  them  free  to  move 
up  or  down  as  required,  but  not  laterally.  The 
boring  operations  in  the  earlier  stages  had 
been  carried  out  in  patches,  careful  record  of 
which  was  kept  on  charts  both  by  the  con- 
tractors and  the  engineer  of  the  Clyde  Trust, 
but  later  it  was  decided  to  conduct  all  the 
boring  and  blasting  operations  in  belts,  as 
had  been  adopted  in  the  former  contract  of 
1886.  The  belts  covered  a  width  of  15  ft. 
with  six  rows  of  holes  in  each  belt.  These 
rows  were  2x/2  ft.  apart,  and  the  holes,  which 
were  spaced  5  ft.  apart  longitudinally,  were 
opposite  each  other  in  the  alternate  rows. 
This  mode  of  working  provided  a  free  side 
or  face,  and  allowed  the  dredger  to  follow 
the  boring  barge  and  lift  the  broken  rock,  and 
clean  up  'the  surface  of  the  next  belt  to  be 
bored.  For  the  most  part  the  depth  of  rock 
had  to  be  bored,  blasted,  and  dredged  in  at 
least  two  breaks  or  depths.  Under  this  sys- 
tem the  work  progressed  much  more  rapidly, 
and,  as  the  boring  was  carried  to  a  depth  of 
30  ft.  to  31  ft.,  below  low  water,  dredging  was 
easily  accomplished  to  the  desired  depth  of 
28  ft.  below  low  water.     In  order  to  be  certain 


that  the  minimum  depth  was  secured  through- 
out, a  diving  bell  went  over  the  entire  bottom. 
During  the  contract  38,240  holes  were  drilled 
to  an  average  of  6  ft.  The  dynamite  was 
lowered  into  the  holes  enclosed  in  a  zinc  can- 
ister. The  total  amount  of  rock  removed  was 
340,520  long  tons. — Engineering  Record. 


A   SOFT   TUNNEL  CONTRACT 

An  old  mining  man  remarked  yesterday  that 
he  was  once  interested  in  a  tunnel  which  was 
a  very  profitable  venture  for  a  friend  of  his  in 
Colorado.  "Railroading  in  my  section  of  the 
country  at  that  time."  he  remarked,  "was  pri- 
mitive, but  for  some  reason  or  other  an  ur- 
gency contract  was  left  for  the  building  of  a 
tunnel  in  midwinter  between  our  town  or 
camp,  as  you  might  call  it,  and  a  point  about 
a  mile  and  a  half  distant.  My  partner  got 
the  contract,  and  he  was  very  mysterious  about 
it.  He  arranged  the  terms  so  that  because  of 
the  alleged  character  of  the  work  he  was  to 
get  $40  a  foot.  I  could  go  into  details  with 
regard  to  the  preliminaries,  but  suffice  it  to 
say  that  within  a  certain  specified  time,  unus- 
ually short,  as  a  matter  of  fact,  he  sent  for 
the  engineer  representing  the  company  making 
the  contract  to  pass  on  the  work.  It  went 
through  all  right,  and  was  approved.  Now 
that  seems  all  right,  but  as  a  matter  of  fact 
my  friend  "Gassy,"  as  he  was  called,  had  built 
a  tunnel  through  a  snow  mountain,  put  in  tim- 
bers to  support  the  weight  of  the  snow,  cov- 
ered the  exterior  snow  with  dirt  and  mud,  and 
decamped  with  the  check  which  the  fool  com- 
pany gave  him. — New  York  Times. 


AERIAL    NAVIGATION    TERMS 

The  following  terms  have  been  adopted 
and  authorized  by  the  Permanent  Aeronautic 
Commission: 

Any  machine  without  a  gas  vessel  or  bag 
is  to  be  called  an  "Aeronef,"  and  this  type 
is  further  to  be  divided  into  three  sub-di- 
visions, called  Helicopters,  Aeroplanes,  and 
Orthopters.  The  first  is  an  aeronef  rely- 
ing on  one  or  more  propellers  for  its  sus- 
pension  and  progress  through  the  air:  the 
second  is  an  aeronef  in  which  suspension 
in  the  air  is  more  particularly  assured  by 
one  or  more  planes,  and  the  third  is  an 
aeronef  sustained  and  propelled  by  beating 
wings.     The  term  aviator  is  to  be  employed 
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as  defining  the  operator  of  any  of  these 
types.  Aeronaut  will  be  applied  only  to  the 
pilot  of  an  aerostat  or  aeronat.  The  aero- 
stat is  a  common  balloon,  floating  along  with 
the  wind,  and  the  areonat  is  a  dirigible  bal- 
loon. 


NOTES 

It's  just  as  we  have  said  time  and  again. 
Cutting  the  price  never  increases  the  demand 
by  even  the  most  insignificant  fraction.  That 
is  all  the  more  reason  why  a  short  demand 
should  be  supplied  at  a  good  round  profit. 
Rock  Products. 


The  H.  W.  Johns-Manville  Company,  fire- 
proofing  and  non-conducting  materials  and 
electrical  supplies,  will  open  a  new  branch  in 
Detroit,  72  Jefferson  Ave.,  under  the  manage- 
ment of  Mr.  Willard  K.  Bush,  formerly  of  the 
Milwaukee  branch.  A  complete  stock  of  goods 
will  be  carried. 


The  traction  power  used  in  anthracite  mines 
depends  directly  upon  the  condition  of  the 
haulage  roads.  In  a  certain  mine  where 
mules  hauled  the  coal  the  cost  of  transporta- 
tion was  from  9  to  11  cents  per  net  ton  mile. 
In  most  mines  where  compressed  air  locomo- 
tives are  used  and  the  grades  are  not  too 
heavy  the  cost  of  haulage  per  ton  mile  does 
not  often   exceed  3.5  cents. 


The  two  hundred  and  twenty-fifth  anni- 
versary of  the  founding  of  Philadelphia  is  to 
be  celebrated  in  October.  The  city  has  15,887 
separate  manufacturing  establishments  costing 
$476,500,000.  The  employes  number  246,445, 
earning  annually  $112,000,000  in  wages.  The 
raw  materials  cost  $327,000,000  and  the  value 
of  the  annual  product  is  $603,500,000.  There 
is  a  jobbing  and  wholesale  trade  of  $500,000,- 
000  annually. 


The  growth  of  the  acetylene  industry  and 
the  safety  with  which  the  gas  may  now  be 
used  has  led  to  a  modification  of  the  insurance 
rules  relating  to  it.  Hitherto  the  rules  form- 
ulated by  the  National  Board  of  Fire  Under- 
writers prohibit  the  installation  of  an  acetylene 
generator  in  an  insured  building.  At  a  recent 
meeting,  however,  the  Board,  after  consider- 
ing  various    reports   on    the   condition    of   the 


acetylene  industry  decided  to  strike  out  from 
its  rules  such  words  as  prohibited  inside  in- 
stallation of  acetylene  generators,  and  substi- 
tute the  following :  "Generators,  especially  in 
closely  built-up  districts,  should  preferably  be 
placed  outside  of  insured  buildings  in  genera- 
tor houses  constructed  and  located  in  compli- 
ance with  Rule  9." 


The  Chicago  Railways  Company,  which 
owns  all  of  the  North  Side  and  West  Side 
street  railways  in  the  city  of  Chicago,  has  just 
awarded  a  contract  to  the  National  Brake  and 
Electric  Company,  Milwaukee,  Wis.,  to  fur- 
nish all  of  the  air-brake  apparatus  for  the 
1,200  new  cars,  which,  in  accordance  with  the 
traction  ordinance,  it  will  purchase  and  place 
in  service  within  the  next  three  years.  The 
company  expects  to  put  about  550  new  cars 
into  service  this  summer,  orders  for  400  cars 
having  already  been  placed  with  the  car 
builders.  This  contract,  it  is  believed,  covers 
a  larger  number  of  air  brakes  than  has  ever 
before  been  contracted  for  by  any  electric- 
railway  company. 


In  a  recent  discussion  before  the  Societe 
de  l'lndustrie  Minerale,  M.  Reumaux  de- 
scribes his  experience  with  drill  bits.  Most 
of  the  French  bits  have  six-pointed  faces, 
while  certain  American  bits  have  eight  points. 
His  tests  have  led  him  to  adopt  the  eight- 
pointed  bit.  While  the.  cutting  face  of  the 
eight-point  bit  is  necessarily  larger,  involving 
thereby  the  drilling  of  larger  holes,  the  con- 
sumption of  steel  is  much  less,  and  the  rate 
of  advance  is  no  slower  than  with  the  six- 
pointed  bit.  Referring  to  the  sharpening  of  star- 
faced  bits,  Mr.  Roumeux  objects  to  the  use  of 
the  swage  furnished  by  the  drill  makers.  He 
maintains  that,  while  the  swage  affords  a 
rapid  method  of  forming  the  bit  face,  the 
cutting  edges  are  neither  sharp  nor  durable, 
and  he  advocates  a  return  to  hand  dressing  in 
order  to  get  better  results  from  drills. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  patent  may 
be  obtained  by  sending  five  cents  (not  stamps)  to  the 
Commissioner  of  Patents,    Washington,  D.  0- 

APRIL   7. 

8S3.696.  HYDRAULIC  AIR  AID  GAS  COM- 
PRESSOR. Georgge  P.  Carroll,  Bridgeport. 
Conn. 
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883,730.     DRILL.     John   F.    Mitchell,    Topeka. 

Kan. 
883,814.      AIR-BRAKE    HOSE-COUPLING.      Jo- 
seph E.  LaRocque,  Nomininque,  Quebec,  Can- 
ada. 
883,858.       THRUST  BORING    -    MACHINE. 

Charles    Christiansen,     Gelsenkirchen,     Ger- 
many. 

A  boring  machine  provided  with  a  cylinder, 
an  inclosed  piston,  a  pair  of  compressed  air  in- 
let ducts  communicai  mtr  with  opposite  ends  of 
the  cylinder,  a  flap  valve  fulcrumed  at  its 
centre  of  gravity  and  controlling  both  of  said 
ducts,  a  pair  of  exhaust  ports  in  the  cylinder 
adapted  to  be  alternately  uncovered  by  the  pis- 
ton, and  a  boring  bit  operable  by  said  piston, 
substantially  as  specified. 

ss:;.s-s.      AIR     OR     GAS     COMPRESSOR     SYS- 
TEM.     Huldreich  Keller,   Berlin,   Germany. 
883.918.      AIR-BRAKE     SYSTEM.       Ulysses     S. 

Smith,   Sacramento,   Cal. 
sv;,:.l's.      VALVE      FOR      AIR-COMPRESSORS. 

Asa    F.    Batchelder,    Schenectady,    N.    Y. 
883,936.      HYDRAULIC  AIR-COMPRESSOR. 

Joseph  H.  Champ,   Cleveland,  Ohio. 
883,951.      APPARATUS    FOR     HEATING     AIR. 
Francis  W.  Green,  Wakefield,  England. 


884,016.      PNEUMATIC       CONVEYER.         Clak- 

ence  L.   Groves,   Hartford  City,   Ind. 
884,024.      MECHANICAL  BALL-THROWER, 

Robert  H.  Lake,  Washington,  D.  C. 
884,042.      MEANS       FOR       PRODUCING       MO- 
TIVE FLUID  FROM  THE  COMBUSTION  OF 
FUEL.      William     J.     Benshaw,     Newcastle, 
England. 

1.  An  apparatus  for  generating  a  motive  fluid 
to  be  used  expansively  in  a  separate  motor  or 
motors  consisting  of  a  series  of  cylinders  ar- 
ranged around  a  common  crank  shaft  in  which 
cylinders  moist  air  is  compressed,  a  reservoir 
adapted  to  receive  the  compressed  air  from  all 
the  compression  cylinders,  a  series  of  combus- 
tion cylinders  also  arranged  around  said  crank 
in  which  oil  and  air  or  other  combustible  Is 
burned  and  into  which  the  compressed  air  from 
said  reservoir  passes  for  the  purpose  of  extract- 
ing therefrom  the  heat  due  to  combustion,  said 
cylinders  being  provided  with  pistons  and  in- 
lets, outlets,  pasages  and  valves  by  means  of 
which  the  oil  and  air  or  other  combustible,  the 
air  to  be  compressed  and  the  compressed  air  are 
admitted  into  the  two  series  of  cylinders  and 
the  compressed  air  conducted  from  the  com- 
pression  cylinders   into   the   reservoir  and   from 
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the  reservoir  into  the  combustion  cylinders, 
mixed  with  the  products  of  combustion  and 
passed  into  a  pipe  or  trunk  common  to  all  the 
combustion  cylinders,  from  which  the  mixture 
may  be  drawn  off  as  required  substantially  as 
described  herein. 

884,049.  PNEUMATIC  HOLDER  FOR  COM- 
MUTATOR-BRUSHES. Charles  W.  Spiers, 
Battersea,  London,  England. 
884,131.  MOTOR-DRIVEN  EXHAUSTER  AND 
COMPRESSOR.  Melvin  D.  Compton,  New 
York,  N.  Y. 
884,140.  PROCESS  OF  KEEPING  AQUATIC 
ANIMALS  ALIVE  DURING  THE  TRANS- 
PORTATATION.  George  Erlwein,  Berlin, 
and  Ernst  MARQUART.Charlottenburg,  Ger- 
many. 

1.  The  method  of  keeping  aquatic  animals 
alive  during  transportation,  which  consists  in 
surrounding  them  with  a  moisture-retaining 
packing  and  supplying  a  moisture  laden  oxygen- 
containing  gas  . 

884.151.  PNEUMATIC  HAMMER.  Martin 
Hardsogg,   Ottuumwa,   Iowa. 

884.152.  PNEUMATIC  HAMMER.  Martin  Hard- 
sogg Ottumwa,   Iowa. 

884,320.  Manually  and  PNEUMATICALLY 
OPERATED  PIANO.  John  W.  Davis,  Pu- 
laska,  Tenn., 

884,328.  ACETYLENE-GENERATOR.  Nel- 
son Goodyear,  New  York,  N.  Y. 

884.331.  PNEUMATIC  AND  OTHER  DRILLS. 
Martin    Hardsogg,    Ottumwa,    Iowa. 

884.332.  COMPRESSOR.  Bert  E.  Hill,  Pitts- 
burg, Kans. 

APRIL    14. 

884,364.     COMPRESSED-AIR  BRAKE.     Alfred 

Chanderson,  Jette.St.  Pierre,  Belgium. 
SS4.419.        STONEWORKING-TOOL.        Charles 

B.   Richards,   Cleveland,   Ohio. 
884,432.        AEROPLANE.        Melvin       Vaniman, 

Genevilliers,   France. 
884,522.         APPARATUS      FOR      AUTOMATIC- 
ALLY    DISCHARGING     LIQUIDS.       Albert 

Priestman,  Philadelphia,  Pa. 
884, 54S.      FLUID-ACTUATED    VISE.      Thomas 

F.   Warwick,   Metter,   Ga. 
884,694.       AIR-BRAKE.       William    A.    Weant, 

Mocksville,   N.   C. 
884,841.         VALVE      FOR      FIRE-SPRINKLER 

SYSTEMS.      James   B.    McGinlet,    Allegheny, 

Pa 
884,971.     PNEUMATIC  TOOL.     Chester  B.  Al- 

bree.  Allegheny,  Pa. 
884,990.  METHOD       OF       CONSTRUCTION. 

James  C.   Meem,  Brooklyn,  N.  Y. 

1.  A  method  of  building  a  pneumatic  caisson 
for    excavation,    which    consists    in    driving    side 


walls  from  above  below  the  level  of  the  water, 
building  a  fixed  roof  thereon,  and  extending  the 
sides  from  the  forward  end  as  the  excavation 
proceeds. 

APRIL    21. 

885,011.  AUTOMATIC  VACUUM  CLEANING 
APPARATUS.  William  J.  Bergens,  Pitts- 
burg, Pa. 

885,044.  TUNNELING-MACHINE.  William 
J.  Hamond,  Jr.,  Pittsburg,  Pa. 

885,137.     AIR-PURIFYING  APPARATUS.    Wil- 
liam G.   R.   Braemer,   Buffalo,   N.  Y. 
885,169.       PNEUMATIC     BRAKE.       William 
H.   Miller,   Cleveland,   Ohio. 

885,301.  AIR-PUMP.  Johann  W.  Sieperman, 
and  Emil  Fudickar,   Elberfield,  Germanv. 

885,319.  APPARATUS  FOR  THE  COMPRES- 
SION OF  GAS  OR  AIR  FOR  LAMPS.  Wil- 
liam   H.    Chipperfield,   London,    England. 

885,361.  ACETYLENE  -  GENERATOR.  Ira 
Mumma,    Dayton,    Ohio. 

8S5,361.  AIR-PUMP  FOR  STREET-CARS 
AND  ANALOGOUS  PURPOSES.  William 
A.  Collins,  and  William  Westerbrook,  De- 
troit,   Mich. 

S85.485.  AIR-PUMP.  George  W.  Kellogg, 
Rochester,  N.  Y. 

885,537.  PNEUMATIC-TOOL        RETAINER. 

Edward  J.   Shoffner,   Roanoke,   Va. 

APRIL    28. 

885.737.  PNEUMATIC  VALVE.  Gustave  F. 
Dohring,  Cranford,  N.  J. 

885,783.  ROTARY  COMPRESOR.  Cassius  C. 
Palmer,   Cranford,   N.   J. 

885,812.  PRESSURE-REGULATOR.  John  E. 
Ward,   New   York,   N.   Y. 

885,844.  WINDMILL-REGULATOR.  Lyman 
S.   Hagerman,    Mondamin,   Iowa. 

885,877.  AIR-COMPRESSOR.  Joseph  T.  Sim- 
son  and  Thomas  Lishman,  Durham,  England. 

885.985.  PNEUMATIC  TOOL.  Harley  M. 
Dunlap,   Battle  Creek,   Mich. 

886,054.  METHOD  OF  WORKING  EXPAN- 
SION ENGINES.  Fritz  Hilderbrand,  Deutsch 
Wilmersdorf,   Germany. 

1.  The  method  of  working  an  expansion  en- 
gine, consisting  in  supplying  the  working  cylin- 
der with  liquefied  gas  and  compressed  air,  and 
allowing  the  mixture  to  expand,  substantially 
as  described. 

2.  The  method  of  working  an  expansion  en- 
gine, consisting  in  supplying  atmospheric  air  to 
th<-  working  cylinder,  and  compressing  it  by 
means  of  the  piston,  and  thereupon  admitting 
liquefied  gas  into  the  said  cylinder,  and  allow- 
ing the  mixture  to  expand,  substantially  as  de- 
scribed. 


Pneumatic  Patents,  April  14. 
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Pneumatic  Pa 
886,159.      AERIAL  APPARATUS.      Matthew   B. 

Sellers,    Baltimore,    Md. 

886,193.    COMPRESSED-AIR-CUSHION  BLOCK. 

Clinton  C.  De  Witt,  St.  Louis,  Mo. 
886,257.       CONTROLLING     MECHANISM    FOR 

PNEUMATIC  TOOLS.    Charles  H.   Sergeant. 

Brooklyn,   N.    Y. 
886.280.      APPARATUS  FOR   FORCING  FLUID 

FROM    WELLS.      John    W.    Waitz,    Oil    City, 

Pa. 

: .      In  an  apparatus  for  forcing  oil  from  wells, 


tents,  April  21. 

the  combination  of  a  single  pocket  arranged  at 
or  near  the  bottom  of  a  well,  an  air  supply 
pipe  and  an  oil  discharge  pipe  leading  into  said 
pocket,  and  an  air  compressing  device  com- 
prising a  plurality  of  cylinders,  one  of  which  is 
connected  with  the  open  air  and  the  other  or 
back  pressure  cylinder  is  connected  with  the  air 
supply  pipe,  whereby  the  air  remaining  in  the 
pocket  after  the  oil  has  been  discharged  there- 
from may  be  utilized  by  being  delivered  Into 
said  back  presure  cylinder,  substantially  as  de- 
scrib<  'I. 


Pneumatic  Patents,  Aphil  28. 
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RECENT    DEVELOPMENTS     IN     PNEU- 
MATIC  FOUNDATIONS    FOR 
BUILDINGS* 

By  D.  A.  Usina.  Assoc.  Am.  Soc.  C.  E. 

The  purpose  of  this  paper  is  to  review  brief- 
ly the  recent  and  very  interesting  development 
in  foundations  of  the  class  generally  used  for 
the  high  buildings  being  erected  in  the  lower 
section  of  New  York  City.  The  earth  there 
overlies  a  stratum  of  rock,  the  depth  of  which 
varies  from  40  to  100  ft.,  and  the  enormous 
loads  are  carried  most  securely  by  concrete 
piers  built  with  pneumatic  caissons,  and  rest- 
ing directly  on  the  substratum  of  rock. 

Prior  State  of  the  Art. — Prior  to  the  pres- 
ent improvements,  the  conventional  type  of 
construction  was  as  illustrated  in  Figs.  1  and 
a  The  working  chamber  was  built  with  sides 
and  roof  of  heavy  timber  or  of  sheet  steel  with 
stiffeners  at  suitable  intervals.  The  coffer-dam 
was  built  up  in  successive  sections  (also  of 
timber  or  stiffened  steel),  the  horizontal  joints 
being  made  by  angles  on  the  inside,  and  the 
walls  being  braced  by  transverse  struts,  where 
the  shape  and  size  demanded  it.  The  shaft 
was  of  steel  tubing  fastened  to  the  roof  and  at 
the  several  horizontal  joints  by  outside  angles. 

As  the  structure  was  sunk,  to  bring  the  up- 
per edge  of  each  section  of  the  coffer-dam 
near  the  ground  level,  a  new  section  of  coffer- 
dam and  a  new  section  of  shafting  were  added, 
and  the  space  between  the  coffer-dam  and  the 
shafting  was  filled  with  concrete.  When  bed- 
rock was  reached,  the  working  chamber  and 
the  shaft  were  also  filled  with  concrete.  The 
finished  pier  consisted  of  two  entirely  separate 
bodies  of  concrete — an  inverted  T-shaped  por- 
tion bounded  by  the  shafting  and  the  roof  and 
walls   of   the    working   chamber,    and    a    ring- 


*Presented  at  the  New  York  meeting,  April 
1908,  of  the  American  Society  of  Civil  Engi- 
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shaped  portion  surrounding  the  shaft  and  en- 
closed within  the  coffer-dam. 

The  surrounding  shell,  consisting  of  the  cof- 
fer-dam and  the  sides  of  the  working  chamber, 
whether   of  timber  or  of   steel,   could  only  be 
considered    a    mould    for    the    concrete    and    a 
curb  or  lining  for  holding  back  the  earth  dur- 
ing the  sinking  of  the  caisson.    It  could  not  be 
calculated   as    supporting  any   weight,   but,   on 
the  contrary,  was  certain  to  rot  or  corrode  in 
time,    and    leave    a    more    or    less    free    space 
around  the  pier.     The  shafting,  and  especially 
the   roof,   where   the   latter   was   of   metal   and 
was  left  in  place,  presented  very  serious  possi- 
bilities.    Their  protection   from   corrosion   de- 
pended on   the   care   with   which   the   concrete 
was  rammed  into  contact  with  them.     If  eith- 
er corroded  to  a   substantial   extent,   it   would 
produce  a  very  large  surface  of  weakness.  The 
permanence  of  these  important  elements  of  the 
structure,  therefore,  depended  on  the  care  of 
workmen,    who    are    not   to   be    relied    on    for 
more   care   than   is   necessary   at  the   moment. 
Furthermore,   the   angles   at   the   several    hori- 
zontal  joints   formed  grooves   in   the   concrete 
from  3  to  6  in.   deep.     Only  under   unusually 
favorable  conditions  could  the  shafting  angles 
be  calculated  to  act  as   supporting  a   share  of 
the  load  in  the  ratio  of  their  horizontal  area  -to 
that  of  the  complete  cross-section  of  the  pier ; 
but  the  angles  at  the  joints  of  the  coffer-dam 
would  not  transmit  any  substantial  pressure  to 
the  concrete  below  them,  because  the  concrete 
would  never  be  rammed  under  them  sufficient- 
ly.    The  only  transmission  of  pressure  would 
be  to  the  decaying  or  corroding  walls,  and  the 
angles  themselves  would  corrode  in  time.  The 
greatest   area   upon    which    the   bearing   strain 
could   be    calculated    correctly,    therefore,    was 
that  within  the  inner  edge  of  the  angle-irons 
(X,  Fig.  2),  rather  than  that  within  the  inner 
face  of  the  coffer-dam   (Y,  Fig.  2).     As  a  mat- 
ter of  fact,  the   latter   standard   was  generally 
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used,  but  the  error  was  swallowed  in  the  large 
factor  of  safety  made  necessary  by  the  uncer- 
tainties of  the  problem.  Furthermore,  the 
useless,  and  to  some  extent  harmful,  materials 
left  in  the  ground,  were  very  expensive  parts 
of  the  structure. 

There  were  thus  two  powerful  incentives  for 
the  elimination  of  these  materials  from  the 
finished  structure,  either  by  sinking  the  pier 
without  them,  or  by  withdrawing  them  after 
use.  Nevertheless,  there  was  a  period  of  many 
years  during  which  little  or  nothing  was  ac- 
complished. 

The  recent  activity  in  high  building  con- 
struction in  New  York  City,  however,  making 
necessary  a  very  extensive  use  of  caissons  of 
this  type,  has  witnessed  the  substantial  elimi- 
nation of  every  material  but  concrete.  The 
sinking  of  the  coffer-dam  and  of  a  metal  or 
timber  roof  for  the  working  chamber,  has  been 
rendered  unnecessary,  and  the  steel  shafting 
has  been  designed  to  permit  its  ready  removal 
after  it  has  served  its  purpose  in  the  sinking 
of  the  caisson.  These  improvements  have  been 
put  into  practice  in  the  foundations  of  the 
building  for  the  United  States  Express  Com- 
pany, at  the  corner  of  Rector  Street  and  Trin- 
ity Place;  the  New  Trinity  Building;  the  build- 
ing for  the  United  States  Realty  Company,  at 
Broadway  and  Thames  Street,  and  the  Singer 
Building,  on  Broadway  near  Liberty  Street. 

Elimination  of  the  Roof. — The  most  serious 
objection  to  caissons  of  the  style  described  has 
been  the  existence  of  the  roof,  constituting  a 
dividing  plane  across  almost  the  entire 
cross-section.  The  objection  to  such  a 
dividing  plane  was  appreciated  from  the 
earliest  use  of  pneumatic  caisson.  The 
late  Theophilus  E.  Sickles,  M.  Am.  Soc. 
C.  .  E.,  in  1870,  and  John  F.  O'Rourke, 
M.  Am.  Soc.  C.  E.,  in  1898,  proposed  the  re- 
moval of  the  roof  after  the  sinking  of  the  cais- 
son and  before  the  introduction  of  the  con- 
crete above  the  working  chamber. 

The  Sickles  caisson  is  shown  in  Figs.  3  and 
4.  The  roof  consisted  of  four  segmental  plates 
bolted  to  the  under  side  of  internal  flanges  of 
the  casing  and  attached  to  each  other  by  bolts 
passing  through  radial  flanges  on  the  under 
side.  After  sinking  to  the  required  depth.,  and 
sealing  the  cutting  edge  with  a  sufficient  fill- 
ing of  concrete  to  prevent  the  entrance  of  wat- 
er, the  air  was  cut  off  and  the  roof  removed 
by  withdrawing  the  bolts  passing  through  the 


several  flanges.  I  he  caisson  of  the  type  shown 
had  a  high  roof  and  no  separate  air-shaft  sup- 
ported upon  the  roof,  as  in  the  modern  type, 
the  coffer-dam  or  outer  shell  being  made  air- 
tight throughout  its  height.  For  a  caisson  of 
this  type,  the  design  of  the  roof  was  probably 
entirely  satisfactory. 

The  O'Rouke  caisson,  Figs.  5  and  6,  utilized 
a  similar  roof  in  half-round  sections,  but  the 
roof  was  bolted  on  the  top  of  the  inward  flange 
of  the  casing,  and  the  flanges  connecting  the 
segments  to  each  other  were  at  the  top.  This 
would  permit  the  filling  of  the  working  cham- 
ber with  concrete  clear  up  to  the  roof  before 
removing  the  latter. 

The  chief  defect  of  these  methods,  however, 
appears  in  cases  where,  in  order  to  get  the 
requisite  weight,  the  concrete  is  filled  into  the 
space  above  the  roof  during  the  sinking  opera- 
tion, as  is  usual  in  sinking  through  earth  for 
building  foundations.  In  such  operations  it 
has  been  impossible  to  eliminate  the  roof  of 
the  working  chamber  until  the  introduction  of 
a  recent  improvement  which,  at  the  same 
stroke,  eliminated  the  coffer-dam  which  had 
previously  passed  for  a  necessary  evil  in  sink- 
ing caissons  in  earth.  The  feasibility  of  the 
improvement  was  first  demonstrated  by  sinking 
all  the  caissons  for  the  building  for  the  United 
States  Fxpress  Company  by  this  method,  and 
at  a  substantial  reduction  in  cost. 

Elimination  of  the  Coffer-dam.  There  had 
been  previously  suggested,  in  1904,  the  elimi- 
nation of  the  coffer-dam  and  roof  by  sinking 
practically  a  solid  pier  of  concrete,  with  only 
a  central  air-shaft  and  a  working  chamber 
hollowed  out  of  the  bottom.  Fig.  7  gives  a 
sufficient  idea  of  the  construction  proposed. 
There  was  no  distinction  between  different 
parts  of  the  structure,  except  in  so  far  as  the 
lower  portion  of  the  concrete  might  be  consid- 
ered as  the  roof  and  sidewalls  of  the  working 
chamber,  and  the  concrete  above  this  might  be 
considered  as  the  coffer-dam  extending  solidly 
from  the  surrounding  earth  to  the  shaft.  It 
was  proposed  to  build  the  whole  of  annular 
blocks  of  concrete  laid  one  above  another,  or 
to  form  substantially  a  monolith  by  building 
up  the  structure  in  situ  as  fast  as  it  was  sunk. 
The  difficulties  in  the  way  of  moulding  the 
concrete  working  chamber  with  suitably  strong 
roof  and  sides  and  hardening  it  sufficiently  in 
the 'short  time  available  at  the  works  then  in 
hand  prevented  the  utilization  of  this  design, 
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and,   instead,   the  contractors  adopted   the   de- 
sign shown  in  Figs.  8,  9  and  10. 

The  working  chamber  was  built  of  heavy 
timber,  and  across  the  top  were  laid  angle- 
irons,  a  few  inches  below  which  was  fastened 
a  temporary  flooring.  The  steel  shafting  was 
supported  on  this  flooring,  and  a  roof  of  con- 
crete was  moulded  thereon  to  a  substantial 
height,  and  of  the  same  outside  dimensions 
as  the  working  chamber.  The  earth  being  ex- 
cavated, and  the  chamber  sunk  to  a  sufficient 
depth,  another  section  of  concrete  was  added 
The  shafting  was  built  up  from  time  to  time 
to  maintain  it  above  the  concrete.  After  the 
first  section  of  concrete  was  finished,  the  suc- 
cessive sections  were  moulded  in  place  with- 
out interruption  of  the  sinking  operations,  the 


excavation  and  the  building  proceeding  of 
course  at  the  same  ultimate  rate,  but  quite  in- 
dependently of  each  other,  and  the  coffer-dam, 
reduced  to  merely  a  mould  for  the  concrete, 
being  removed  before  the  sinking  of  each  con- 
crete section. 

In  a  previous  design,  it  had  been  proposed 
to  divide  each  section  of  the  coffer-dam  into 
flat  units  which  might  be  readily  transported 
and  only  united  to  each  other  when  in  place 
on  the  next  lower  section,  this  method  having 
the  further  advantage  of  avoiding  the  necessity 
of  breaking  the  air-pipes  (see  Fig.  1),  which 
had  been  a  cause  of  delay  with  the  use  of  sec- 
tions which  were  completed  before  being  put 
in  place ;  and  such  flat  units  were  now  found  to 
be  excellent  moulding  plates,  only  four  being 
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needed  for  each  section  of  concrete,  and  ex- 
cessive lengths  being  unobjectionable,  because 
one  might  overlap  the  next  at  the  corner. 

The  temporary  flooring  carried  the  concrete 
roof  until  the  latter  was  hardened,  and  was  re- 
moved before  putting  on  the  air  pressure  and 
the  necessary  lock.  The  angle  cross-bars  re- 
mained embedded  in  the  concrete,  transmitting 
its  weight  to  the  timber  walls,  although  they 
were  not  necessary  for  the  purpose  after  the 
concrete  had  hardened ;  and,  in  fact,  after 
reaching  a  comparatively  slight  depth,  the 
weight  of  the  concrete  was  sustained  by  the 
skin  friction  and  the  air  pressure,  and  added 
weights  were  necessary  to  force  the  caisson 
down.  The  cross-bars  might  have  been  de- 
signed and  connected  so  as  to  permit  their  re- 
moval after  the  hardening  of  the  concrete,  if 
such  removal  had  been  thought  of  importance. 

Only  one  accident  occurred,  and  this  demon- 
strated the  advisability  of  using  timber  rather 
than  concrete  for  the  walls  of  the  working 
chamber.  The  earth  under  one  wall  of  the 
working  chamber  had  been  excavated  pre- 
viously to  remove  the  footing  of  an  old  wall. 
When  the  first  section  of  concrete  had  been 
moulded  on  this  working  chamber  and  the 
mould  had  been  removed  preparatory  to  sink- 
ing the  concrete  section,  the  old  material  re- 
placed in  the  excavation  allowed  one  side  to 
settle  so  as  to  tilt  the  structure,  and,  before  it 
could  be  righted,  it  fell  over.  The  concrete 
was  tied  to  the  working  chamber  only  by  the 
crossing  angles  embedded  in  the  base  of  the 
concrete,  and  swung  bodily  about  the  upper 
edge  of  a  side  wall  of  the  working  chamber, 
thus  for  a  time  putting  its  entire  weight  on 
this  single  wall.  But  the  chamber  was  built  so 
strongly  that  it  was  substantially  uninjured, 
and  the  workmen  in  it  at  the  time  were  un- 
scathed. The  accident,  while  indicating  the 
necessity  for  greater  precaution  in  building 
and  sinking  the  first  concrete  section,  demon- 
strated the  practical  excellence  of  the  design. 

When  such  a  caisson  was  sunk  to  its  final 
depth,  there  was  no  metal  or  timber  roof  to  be 
removed.  The  cost  of  making  first  a  sectional 
bolted  roof,  like  that  of  Sickles  or  O'Rourke, 
and  subsequently  removing  it,  was  saved;  and, 
which  is  probably  more  important,  the  intro- 
duction of  concrete  above  the  working  cham- 
ber did  not  have  to  await  the  sinking  of  the 
caisson.  Its  weight  could  be  utilized  in  the 
sinking   of   the   structure,   and   this   weight,   in 


caissons  passing  for  a  great  depth  through 
earth,  is  a  very  substantial  consideration.  It 
constituted  probably  the  greatest  of  the  series 
of  advance  steps  under  discussion. 

Elimination  of  Shaft  Lining. — The  finished 
pier  included,  besides  the  concrete  body,  the 
cross-bars,  which  are  a  negligible  considera- 
tion, being  entirely  embedded  so  as  to  prevent 
corrosion,  and  being  of  such  slight  cross-sec- 
tion as  not  to  form  cleavage  planes  in  the  con- 
crete; and  the  steel  shaft  lining,  which,  at  the 
very  best,  added  not  a  pound  to  the  load  for 
which  the  pier  might  be  safely  designed,  and, 
at  the  worst,  might  prove  an  element  of  weak- 
ness, and  was  certainly  an  element  of  substan- 
tial expense. 

The  progress  of  improvement  in  eliminating 
the  shaft  lining  was  the  reverse  of  that  in  elim- 
inating the  roof.  In  the  latter  case,  the  idea 
was  first  advanced  of  making  the  roof  remov- 
able after  the  caisson  had  been  sunk;  and  the 
successful  solution  of  the  problem  lay  in  avoid- 
ing the  building  of  a  true  roof.  In  the  case  of 
the  shaft  lining,  the  first  proposals  endeavored 
to  avoid  its  use  entirely,  but  practical  success 
came  only  with  the  idea  of  sinking  the  caisson 
with  a  shaft  lining  similar  to  those  previously 
used,  and  removing  the  lining  after  sinking 
and  before  introducing  the  filling  of  concrete. 

The  first  idea  is  shown  in  Fig.  u.  A  shaft- 
lining  of  moulded  concrete  is  shown.  To 
avoid  excessive  loss  by  leakage  of  air  through 
the  concrete,  it  was  proposed  to  coat  the  inner 
surface  of  the  shaft  lining  with  air-tight  ma- 
terial, such  as  a  paint  containing  lime.  The 
difficulty  of  connecting  the  shaft  lining  to  the 
air-lock  with  sufficient  strength  to  resist  the 
upward  air  pressure  on  the  latter  was  to  be 
obviated  by  long  tie-rods  extending  from  the 
lock  to  the  lowest  section  of  the  shaft  lining, 
as  indicated  in  dotted  lines.  It  was  also  pro- 
posed in  this  design  to  eliminate  the  lining  en- 
tirely, merely  coring  the  concrete  body  and 
coating  the  surface  with  paint,  as  above,  the 
manner  of  fastening  the  air-lock  not  being 
specified. 

The  first  successful  attempt  to  eliminate  the 
shaft  lining,  however,  involved  the  use  of  a 
removable  lining,  which,  while  casting  more 
than  those  of  common  design,  is  usable  again 
and  again  indefinitely,  and,  in  the  long  run,  ef- 
fects a  great  economy.  The  design  used  in 
sinking  the  caissons  of  the  new  Trinity  addi- 
tion, and  the  adjoining  building  of  the  United 
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States  Realty  Company,  is  shown  in  Figs.  12, 
13,  14  and  15.  It  was  found  that  a  compara- 
tively small  number  of  sections  served  for  the 
sinking  of  many  piers.  There  was  no  material 
loss  of  time  involved  in  removing  the  sections 
and  reassembling  them-  for  further  use.  In 
fact,  the  job  was  completed  in  much  less  than 
the  previous  record  time  for  such  work. 

Figs.  12  and  13  show  the  shaft  lining  in 
place;  Figs.  14  and  15  show  the  construction 
of  one  of  the  collapsible  sections.  Each  sec- 
tion was  composed  of  two  approximately  semi- 
circular plates  internally  flanged  for  bolting 
to  each  other  along  one  vertical  edge,  and  a 
key  interposed  between  the  opposite  edges  of 
the  plates.  Internal  flanges  at  the  ends  served 
for  bolting  successive  sections  to  each  other. 
Ladder  rungs  were  arranged  conveniently  be- 
tween the  flanges  of  the  key,  and  vertical 
guides  were  arranged  just  inside  the  line  of 
the  end  flanges  to  guide  the  bucket  past  them. 
In  some  cases  the  tubing  was  made  oblong  in 
cross-section  instead  of  circular.  Packing  was 
provided  in  all  the  joints,  and  this  was  the 
only  part  of  the  structure  requiring  renewal, 
it  being  cheaper  to  provide  new  packing  for 
each  re-use  than  to  try  to  save  the  old. 

Fig.  16  shows  the  finished  pier,  supposing 
the  working  chamber  to  be  built  of  sheet  steel. 
The  dotted  line  indicates  the  joint  between  the 
concrete  set  up  in  sinking  the  pier  and  the 
filling   introduced   afterwards. 

Comparison  zvith  Concrete  Piles. — Side  by 
side  with  the  progress  in  caisson  work,  recent 
years  have  seen  a  rapid  improvement  in  the 
sinking  or  building  of  concrete  piles  in  the 
earth.  The  first  attempt  to  substitute  con- 
crete for  timber  or  steel  in  piles  contemplated 
the  manufacture  of  the  concrete  piles  above 
ground  and  the  sinking  of  them  by  one  or  an- 
other of  the  methods  used  for  timber  or  steel 
piles.  But,  at  present  there  are  in  the  market 
several  styles  of  concrete  piles  made  by  first 
forming  the  excavation  and  subsequently  fill- 
ing in  the  concrete.  These  methods  permit 
the  formation  of  piles  of  great  depth  and  of 
theoretically  unlimited  diameter.  Starting  from 
widely-separated  points,  the  two  arts,  caisson 
work  and  pile  work,  have  constantly  converged 
toward  the  same  goal,  a  simple  concrete  col- 
umn, bearing  upon  a  rock  or  similar  sub-foun- 
dation in  the  case  of  caissons  and  some  piles, 
and  supported  by  skin  friction  .in  the  case  of 
other  piles. 


The  analogy  has  been  carried  even  further 
by  more  recent  improvements,  in  which  ver- 
tical reinforcing  rods  of  steel,  similar  to  those 
sometimes  used  in  concrete  piles,  are  embed- 
ded in  the  concrete  of  the  pier.  The  base  of 
such  a  pier  is  shown  in  vertical  section  in  Fig. 
17,  and  Fig.  18  shows  a  concrete  pile  similarly 
reinforced.  The  reinforcing  rods  in  the  pier 
should  extend  down  to  the  rock  sub-founda- 
tion, and  are  most  easily  introduced  in  that 
method  of  construction  in  which  the  roof  of 
the  working  chamber  is  omitted,  turn-buckles 
being  introduced  for  putting  the  rods  under 
stress  before  embedding  them  in  concrete. 
The  non-adjustable  flange  joints  may  be  used 
for  the  rods  which  run  through  the  shaft,  and 
substantially  the  entire  length  of  which  may 
bear  freely  on  the  sub-foundation  before  the 
concrete  is  filled  in  about  them. 

Most  Recent  Modifications. — The  steel  rods 
in  the  foregoing  designs  merely  reinforce  the 
concrete.  Should  the  concrete  fail,  or  be  de- 
signed or  built  so  as  to  shift  a  substantial 
portion  of  the  load  to  the  rods,  the  latter 
would  be  unable  to  stand  the  strain.  A  recent 
design  includes  the  introduction  of  columns 
of  sufficient  strength  to  carry  a  substantial 
load.  In  fact,  they  may  be  proportioned  to 
carry  all  or  the  greater  part  of  the  load.  Fg. 
19  shows  the  caisson  sunk  to  rock,  and  the 
columns  in  place,  ready  to  be  filled  with  con- 
crete. The  columns  are  of  ordinary  style, 
built  up  of  Z-bars  riveted  to  a  central  plate. 
One  column  is  embedded  in  the  concrete  from 
the  beginning,  and  is  wedged  up  at  its  lower 
end.  This  column  may  be  duplicated  as  often 
as  desired.  Another  passes  down  through  the 
shaft,  and  is  properly  supported  before  its  em- 
bedment. The  shaft  lining  may  or  may  not  be 
withdrawn,  as  desired. 

Since  it  is  possible  to  carry  concrete  piles 
in  many  cases  to  a  rock  sub-foundation,  where 
they  act  as  true  columns,  the  idea  has  been 
conceived  of  substituting  steel,  with  its  im- 
mensely greater  strength  as  a  column,  and 
surrounding  it  with  concrete,  which  stiffens 
the  column  to  some  extent,  but  which  per- 
forms the  principal  function  of  protecting  the 
steel  from  corrosion.  The  finished  pile  or  -col- 
umn is  indicated  in  Figs.  20  and  21.  The  col- 
umn is  hollow,  which  serves  to  carry  a  water- 
jet  for  sinking  the  column  itself,  and  has  a 
surrounding  shell,  which  is  afterward  filled 
with   concrete   around   and   within   the   center 
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of  the  column.  The  shell  may  be  withdrawn 
as  the  concrete  is  introduced.  The  column 
may  be  shod  at  its  lower  end  so  as  to  secure 
a  good  bearing  by  ramming  it  down  on  the 
rock. 

Invention  is  largely  accidental,  and  its  prog- 
ress is  apt  to  be  most  erratic.  The  writer  has 
never  observed  a  series  of  improvements  pro- 
gressing more  logically  and  consistently  in  the 
same  direction  than  those  here  considered. 
The  engineering  profession  owes  to  Daniel 
E.  Moran,  M.  Am.  Soc.  C.  E.,  and  John  W. 
Doty,  Assoc.  M.  Am.  Soc.  C.  E.;  who  con- 
ceived these  improvements,  and  to  the  Foun- 
dation Company,  by  whom  they  were  put  into 
practice,  a  very  large  debt  for  the  originality 
and  progressive  spirit  with  which  they  have 
met  the  demands  of  modern  builders  for 
economical  methods  of  providing  foundations 
of  maximum   bearing   strength. 


Spotlessly  pure  marbles  of  the  island  of 
Paros,  Greece,  are  mined  by  an  English  com- 
pany. Many  of  the  celebrated  statues  left  by 
the  ancient  world  were  sculptured  from  the 
marbles  of  the  Parian  mines.  The  green  mar- 
bles of  Tinos  and  the  red  of  Mani  are  like- 
wise  controlled  by  foreign  capital. 


CAISSON  DISEASE  EXPERIENCES 
AND   RECORDS 

The  following  has  been  compiled  by  John 
E.  Owens.  M.  D.,  Chief  Surgeon  of  the  Illi- 
nois Central  and  Chicago  &  Northwestern 
Railways,  appearing  originally  in  The  Contrac- 
tor. The  first  observation  in  caisson  disease 
where  compressed  air  for  submarine  work 
was  applied,  was  made  in  1820  by  Dr.  Hamil 
of  Russia.  In  the  course  of  the  great  en- 
gineering work  done,  diving  bells  were  em- 
ployed. Dr.  Hammil  took  great  interest  in 
studying  the  effects  of  compressed  air,  not 
only  upon  the  workmen,  but  also  upon  him- 
self. In  describing  his  own  experience,  he 
states  that  at  the  depth  of  five  or  six  feet 
severe  pain  was  felt  in  the  ears,  which  was 
relieved  in  a  measure  by  swallowing.  At  fif- 
teen or  sixteen  feet  there  was  a  noise  in  the 
ears  like  an  explosion,  followed  by  entire  re- 
lict from  pain.  His  respiration  was  perfectly 
I  In  ascent  was  accomplished  with  much 
less  inconvenience  than  the  descent.     He  states 


that  one  of  the  workmen  became  so  accus- 
tomed to  the  air  of  the  bell,  as  to  be  uncom- 
fortable under  the  usual  atmospheric  pressure. 

In  1822  M.  Triger  devised  an  air-chamber 
or  a  shaft  that  was  sunk  near  the  river 
Loire,  France,  for  the  purpose  of  reaching 
coal  underlying  a  quicksand  sixty-five  feet, 
thick,  and  full  of  water  percolating  from  the 
adjoining  river. 

The  apparatus  consisted  of  a  steam  engine, 
two  air  pumps  and  an  air  vessel.  The  air 
vessel  had  a  stuffing-box  fixed  to  its  lower 
part,  intended  to  connect  it  with  a  wrought- 
iron  pipe,  in  such  a  way  as  to  cut  off  all  com- 
munication with  the  outer  air.  A  supply  pipe 
for  the  conveyance  of  compressed  air  from 
the  pumps  to  the  shaft,  and  an  outlet  pipe 
for  the  discharge  of  water,  was  added.  Two 
man-hole  valves,  designed  for  passing  men 
and  material  into  and  out  of  the  air  vessel, 
two  air  locks,  a  pressure  gauge  and  a  safety 
valve,  completed  the  apparatus. 

J.  Hughes,  assistant  engineer  at  the  Roch- 
ester bridge,  England,  noted  that  the  men  at 
work  in  the  compressed  air  had  a  remarkable 
increase  of  appetite  for  food.  Respiration, 
he  said,  was  "slightly  affected,"  and  when 
the  transit  of  the  air-lock  was  rapidly  made, 
there  was  some  complaint  of  headache.  The 
greatest  depth  under  water  was  sixty-one 
feet. 

Boinet  says  that  effusions  of  blood  are  hab- 
itually observed  in  caisson  disease.  He  also 
assigns  as  a  cause  the  formation  of  gas  em- 
boli in  the  vessels,  due  to  a  too  sudden  de- 
compression. He  quotes  Lorraine  Smith,  who 
speaks  of  toxemia  which  is  produced  by  the 
Oxygen  accumulated  in  the  air  under  high 
pressure ;  but  Boinet  believes  that  the  pres- 
sure in  the  caisson  is  not  high  enough  for 
the  oxygen  to  become  toxic.  Paul  Bert  at- 
tributes the  condition  to  bubbles  of  gas  in  the 
capillaries  and  the  internal   organs. 

Boinet  further  says  that  we  must  take  in 
consideration  the  predisposing  conditions  of 
men  employed  in  the  kind  of  work  under  con- 
sideration of  such  as  age  (over  45),  pulmonary 
affections,  fatigue,  alcoholism,  a  meal,  especial- 
ly when  large,  before  the  emersion.  We  must 
also  take  under  consideration  the  depth  of 
immersion  and  the  rapidity  of  the  decom- 
pression. 

The   divers    should    know   of   the   two   most 
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important  premonitory  signals,  viz.,  special 
pains,  and  temporary  paralysis. 

Of  the  sixty-four  men  employed  in  a  caisson 
on  the  banks  of  the  Loire  in  1884,  sixteen  had 
severe  attacks,  and  it  was  necessary  to  dis- 
charge twenty-five  on  account  of  sickness. 
Two  cases  resulted  fatally.  Very  often,  when 
life  is  not  lost,  the  ensuing  paralysis  is  per- 
manent. 

Albert  Smith  records  the  effect  of  high  at- 
mospheric pressure  on  the  body  as  follows : 

1.  The  pitch  of  the  voice  is  changed  from 
a  bass  to  a  treble  and  protracted  conversation 
becomes  very  fatiguing. 

2.  The  effect  on  the  cutaneous  vessels  is 
shown  by  the  pallor  of  the  face,  which  is  very 
marked,  and  continues  for  fifteen  or  twenty 
minutes  after  leaving  the  caisson. 

3.  During  the  work  in  the  Brooklyn  bridge 
caisson,  when  the  pressure  was  about  thirty- 
two  pounds,  he  took  the  temperature  of  seven 
of  the  men  an  hour  and  a  half  after  entering 
the  caisson,  and  found  that  it  averaged  99  de- 
grees F.  At  first  he  accepted  this  as  a  result 
of  the  increased  interstitial  change  so  strongly 
insisted  upon  by  Dr.  Jaminet  of  St.  L'ouis,  but 
subsequent  observations  led  him  to  interpret 
it  differently. 

The  temperature  of  the  body  in  health  is 
kept  at  about  normal  by  constant  evaporation 
from  its  surface,  but  in  the  caisson,  as  already 
mentioned,  the  air  was  already  nearly  or  quite 
saturated  with  moisture,  so  that  evaporation 
from  the  surface  must-  have  been  practically 
suspended.  With  the  temperature  of  the  air 
art  76  degrees  F.,  as  it  was  at  the  time  of 
the  observations,  and  the  men  engaged  in 
severe  labor,  it  is  easy  to  see  how  the  absence 
of  the  cooling  process  of  evaporation  from 
the  surface  would  lead  to  a  rise  of  one  de- 
gree of  temperature. 

4.  Circulation  :  Upon  entering  the  caisson, 
the  pulse  immediately  rises  to  120,  but  gradu- 
ally falls  back  to  its  normal  standard,  and 
sometimes   below   it. 

The  effect  of  high  atmospheric  pressure 
upon  the  volume  of  the  pulse  is  always,  ac- 
cording to  his  observation,  to  diminish  it. 
This  is  easily  accounted  for  by  the  pressure 
exerted  upon  the  artery,  which  prevents  its 
yielding  readily  to  the  expanding  of  each  suc- 
cessive wave  of  blood.  Hence  the  pulse  is 
small,    hard    and    wiry. 

5.  Upon   the   Perspiratory    Function  :      Sev- 


eral writers  have  observed  that  it  is  immedi- 
ately remarked  by  every  one  entering  a  cais- 
son that  the  secretion  of  the  skin  is  apparently 
immensely  increased,  noticeable  even  when  the 
temperature  of  the  air  is  moderate,  but  as  this 
increases  it  becomes  a  very  serious  annoyance. 
The  clothing  quickly  becomes  saturated,  which, 
besides  the  discomfort  it  occasions,  exposes 
the  wearer  to  great  danger  of  taking  cold  on 
going  into  the  open  air.  But  a  little  examina- 
tion served  to  show  that  in  the  Brooklyn 
bridge  caisson  at  least  there  was  really  no  in- 
crease of  the  secretion  from  the  skin,  but  in- 
stead of  evaporation,  there  was  an  accumula- 
tion of  moisture,  simulating  excessive  sweat- 
ing upon  the  surface. 

6.  Upon  Digestion :  Nearly  all  authors 
who  have  written  upon  the  effects  of  com- 
pressed air,  agree  that,  for  a  time  at  least,  it 
increases  the  appetite  to  a  remarkable  extent. 
Indeed,  this  is  one  of  the  first  and  most 
favorable  results  observed  where  compressed 
air  is  applied  remedially.  It  was  frequently 
remarked  by  the  men  working  in  the  New 
New  York  caisson  of  the  Brooklyn  bridge, 
that  their  work  made  them  unusually  hungry, 
and  that  they  could  not  get  enough  to  eat. 
Of  course  it  wras  not  possible  to  obtain  any 
exact  data  as  to  the  relative  amount  of  food 
consumed,  but  from  careful  inquiries  it  was 
considerably  in  excess  of  what  is  usual  in  the 
case  of  men  engaged  in  similar  labor  in  open 
air. 

Jaminet.  in  his  observations  at  St.  Louis, 
found  that  the  amount  of  fluid  secreted  by  the 
kidneys  was  very  much  increased,  in  some  in- 
stances nearly  doubled,  while  the  specific  grav- 
ity was  little  if  at  all  below  the  usual  average. 
This  shows  that  the  solid  matter  excreted  was 
also   in   much   greater  quantity   than   usual. 

Corning  has  studied  a  number  of  cases  of 
caisson  diseases  in  the  workmen  employed  on 
the  Hudson  River  tunnel.  The  most  common 
symptom,  and  usually  the  initial  one,  was  pain, 
followed  by  loss  of  power  and  anesthesia. 
These  may  continue  and  other  symptoms  de- 
velop, presenting  the  picture  of  acute  myelitis, 
and  cerebral  symptoms  may  sometimes  follow. 
The  first  ones  are  relieved  if  the  patient  at 
once  returns  to  the  caisson.  The  symptoms 
are  considered  to  be  due  to  the  abrupt  transi- 
tion from  an  atmosphere  of  a  high  density  to 
one  relatively  rarefied,  as  has  been  felt  in 
aeronauts  who  ascended  to  great  heights,  who 
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were  immediately  relieved  when  they  descend- 
ed  to   lower   levels. 

In  1861,  Robert  P.  Brereton,  an  assistant 
engineer,  engaged  in  the  construction  of  the 
center  pier  of  the  Royal  Albert  bridge  at  Salt- 
ash,  England,  reported  that  during  the  time 
required  for  the  installment  of  this  pier,  air- 
pressure  reached  forty  pounds  above  the  nor- 
mal;  usually  the  pressure  was  much  less,  as 
the  water  in  the  main  cylinder  was  kept  down 
by  pumps.  He  observed  that  at  first  his  men 
worked  too  long  at  a  time  and  on  coming  out 
they  were  slightly  paralyzed,  but  in  two  or 
three  days  they  recovered.  With  three-hour 
shifts  the  men  could  continue  to  work  for 
several    months    consecutively. 

John  Hawkshaw,  the  celebrated  bridge  build- 
er, at  the  construction  of  the  Londonderry 
bridge,  where  seventy-five  feet  pressure  was 
experienced,  noted  some  casualties,  and  that 
one  of  the  effects  produced  by  the  air-pres- 
sure was  that  the  joints  of  some  of  the  less 
robust  men  began   to   swell. 

Oliver,  of  Newcastle,  (Eng.),  describes  an 
enormous  caisson  in  which  thirty-five  men 
could  work  at  the  same  time.  The  chamber 
was  forty-five  meters  long.  lie  says  that  the 
early  symptoms  during  compression  are,  as  a 
rule,  an  unpleasant  sensation  in  the  ears  or  a 
deafness.  Other  symptoms  may  appear  im- 
mediately after  leaving  or  several  minutes  or 
hours  after. 

The  causes  of  caisson  diseases  are  attrib- 
uted, in  general,  to  too  long  a  stay  in  the 
caisson,  too  high  pressure,  or  too  rapid  de- 
compression. The  less  important  symptoms 
are  muscular  pains,  sometimes  necessitating 
morphine  hypodermically,  bleeding  from  the 
nose  or  mouth,  abdominal  pains  and  vomiting. 
The  grave  symptoms  are  paraplegia,  convul- 
sions, and  sometimes,  though  seldom,  sudden 
death.  Such  elements  as  increase  of  the  pres- 
sure, the  degree  of  impurity  of  the  air  in  the 
chamber  or  of  that  forced  into  it,  duration 
of  rest  between  hours  of  labor,  the  condi- 
tion of  health  of  employe,  the  rapidity  of  the 
decompression,  contribute  to  the  development 
of  caisson  disease.  Oliver  lays  great  impor- 
tance on  the  factors  of  impure  air,  and  rapid- 
ity  of   the    decompression. 

At  the  foundation  of  the  Rochester  bridge 
(Eng.)  across  the  Medway,  Dr.  Hally  ex- 
perimented for  the  effects  upon  four  other 
persons.      They    remained    under    water,    at    a 


depth  of  ten  fathoms,  for  an  hour  and  a  half, 
in  a  diving  bell  improved  by  his  own  inge- 
nuity ;  nor  was  it  considered  any  limit  ex- 
isted as  to  the  period  they  might  have  contin- 
ued down  with  equal  safety.  A  sharp  pain  in 
the  ears,  of  short  duration,  was  the  only  in- 
convenience   acknowledged. 

Dr.  A.  Jaminet  has  left  a  most  interesting 
account  of  his  experience.  He  was  employed 
by  Mr.  Eads,  engineer  of  the  construction  of 
the  Mississippi  river  bridge  of  St.  Louis,  to 
take  charge  of  all  the  men  at  work  in  the  air- 
chamber,  and  to  establish  such  regulations  as 
in  his  judgment  the  well-being  of  the  men  de- 
manded. A  floating  hospital  was  established 
in  a  boat  lying  just  below  the  pier.  Besides 
ordinary  accommodations,  berths  were  fitted 
up  in  which  workmen  could  lie  down  during 
their   hours   of  rest. 

Dr.  Jaminet  had  been  a  frequent  visitor  to 
the  air-chamber,  and  had  himself  felt  the  pe- 
culiar effects  of  compressed  air.  He  had  been 
much  interested  in  testing  the  familiar  law 
regulating  the  boiling  point  of  liquids,  when 
under  pressure,  and  in  noting  the  effect  of  the 
compressed  air  upon  himself  and  those  who 
entered  the  caisson  with  him. 

He  had  noted  the  men  as  they  came  from 
the  air-chamber.  Their  appearance  was  pallid 
and  they  were  cold.  In  some  the  pulse  was 
quick,  varying  from  95  to  no,  but  somewhat 
weak  ;  with  others  it  was  as  low  as  60.  With- 
out exception  the  workmen  complained  of 
fatigue. 

The  pulse  always  quickened  on  entering  the 
air-chamber,  though  it  soon  fell  to  the  normal, 
and  even  lower,  in  the  course  of  a  watch.  On 
one  occasion  the  pressure  was  32J/2  pounds 
more  than  that  of  the  atmosphere.  He  re- 
corded the  pulse  himself  and  five  other  vis- 
itors as  follows  :  Before  entering,  81,  78,  78, 
79,  79,  80.  Temperature  56  degrees  of  ex- 
ternal air.  Thej^  were  ten  minutes  in  the 
air-lock.  At  the  end  of  six  minutes  their 
pulses  were  100,  88,  98,  86,  95,  90  thermometer 
62  degrees ;  temperature  in  air-chamber  48  de- 
grees. In  twenty  minutes  all  felt  a  marked 
exhilaration.  At  the  end  of  two  hours  their 
pulses  were  68,  70,  71,  69,  70,  72.  Their 
chests  expanded  during  inspiration  normally. 
They  spent  Sz/2  minutes  in  the  air-lock  on 
their  return,  but  they  felt  very  cold.  Ther- 
mometer fell  to  27  degrees  in  four  minutes. 
Before   ascending   stairs,   pulses   stood   69,   70, 
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69,  71,  68,  72;  after  climbing  the  stairs,  106, 
104,  92,  94,   102,  99. 

The  air-lock  was,  as  a  rule,  excessively 
warm  when  the  pressure  was  increasing,  and 
exceedingly  cold  when  the  pressure  was  di- 
minishing. 

Dr.  Jaminet  always  complained  of  cold  in 
the  air-lock,  returning,  and  severe  epigastric 
pain  about  ten  minutes  after  coming  out. 

On  the  day  the  caisson  touched  the  rock 
(pressure  forty-five  pounds)  he  remained  in 
the  chamber  two  and  three-quarters  hours. 
While  in  the  air  chamber  he  felt  well.  In  the 
air-lock,  on  his  way  out,  he  was  conscious  of 
a  great  loss  of  heat,  and  he  suffered  a  violent 
pain  in  his  head.  The  air  was  escaping  very 
rapidly.  The  chief  engineer  was  with  him  in 
the  lock,  and,  as  was  usual  with  him  the  dis- 
charge-cock was  wide  open.  At  Dr.  Jaminet's 
request  the  escape  of  air  was  stopped  a  mo- 
ment ;  the  time  spent  in  the  lock  was,  how- 
ever,  but   three   and   one-half   minutes. 

With  difficulty  Dr.  Jaminet  climbed  the 
stairs.  His  pulse  was  no;  he  was  suffering 
severe  epigastric  pain,  and  his  strength  was 
nearly  gone.  He  went  directly  ashore  on  the 
first  boat.  With  great  exertion  he  managed 
to  walk  from  the  boat  to  his  carriage,  which 
was  about  100  yards  away,  and  climbed  in. 
He  was  able  to  drive  to  his  house,  half  a  mile 
distant  and  stagger  into  his  office,  where  in 
a  few  minutes  he  became  paralyzed.  For 
some  time  he  could  not  speak,  but  he  retained 
consciousness.  Gradually  he  gained  command 
of  himself,  but  his  suffering  was  intense,  and 
for  three  or  four  hours  he  considered  his  life 
in  extreme  danger.  It  was  over  twelve  hours 
before  he  began  to  move  his  legs.  A  little 
later  he  was  able  to  walk,  but  he  was  feeble 
for   some  days. 

He  made  several  careful  investigations  upon 
the  amount  and  character  of  the  waste  of  the 
human  system  while  in  the  air-chamber.  He 
found  that,  invariably,  an  abnormally  large 
amount  of  urine  was  secreted,  and  that  it 
contained  unusually  large  amounts  of  urea. 
He  estimated  the  amount  of  urine  secreted 
during  the  twelve  hours  from  7  a.  m.  to  7 
p.  m..  on  the  average  28  or  30  ounces  per 
man.  and  the  quantity  or  urea  was  far  in 
excess  of  that  found  in  the  urine  of  a  healthy 
laboring  man  when  working  in  normal  at- 
mosphere. The  men  drank  water  freely.  They 
had   liberty   to    spend   their   off-hours   as    they 


pleased,  but  the  doctor  requested  them  to  lie 
down  in  the  berths,  provided  for  that  purpose, 
for  at  least  one  hour,  immediately  on  coming  up. 
However,  the  men  refused  to  obey  the  order 
of  the  physician  as  to  the  hours  of  rest.  Each 
man  was  subjected  to  a  rigid  physical  exam- 
ination. All  old  hands  deemed  unsuited  to 
the  work  were  discharged  and  unpromising 
applicants   were   rejected. 

A  man  whom  the  doctor  had  once  rejected 
came  with  a  friend,  and  entered  the  air-cham- 
ber without  the  doctor's  knowledge.  At  the 
end  of  the  second  watch  he  was  seized 
with  severe  cramps  and  paralysis  and  it  was 
months  before  he   fully  recovered. 

There  were  several  other  cases  at  the  East 
pier,  and  one  of  them  was  very  serious.  The 
man  was  badly  paralyzed  and  broken  down. 
After  lingering  about  a  year  he  died.  In  the 
West  pier  a  very  bad  case  occurred  under  an 
air-pressure  of  forty  pounds  (ten  pounds  less 
than  in  the  East  pier).  The  patient  was  sent, 
with  several  others,  to  the  floating  hospital, 
but  the  case,  however,  resulted  in  death.  The 
man  was  really  unfit  to  work.  He  had  been 
a  hard  drinker  for  the  past  year,  though  he 
declared  he  was  sober  the  day  he  went  into 
the   air-chamber.     He   worked  but  two  hours. 

A  boy  had  been  smuggled  in  by  a  friend 
and  was  taken  sick  the  first  day.  The  next 
day  the  doctor  sent  him  home,  with  the  in- 
junction not  to  return ;  but  he  came  back 
two  days  after  and  entered  the  caisson.  After 
the  first  watch  he  was  attacked  again,  and  did 
not  recover  for  a  month.  On  each  occasion 
he  was  insensible  when  carried  to  the  hospital. 
He  was  20  years  old   and  very   slightly  built. 

In  a  period  of  fifty  days  there  were  fourteen 
cases  of  cramps  and  paralysis.  Later,  not- 
withstanding the  physician's  vigilance  and 
care,  cases  of  cramps  and  paralysis  were  of 
almost  daily  occurrence. 

At  the  East  pier  men  worked  three  watches 
of  one  hour  each,  distributed  over  twelve 
hours ;  pressure  forty-nine  pounds.  On  the 
first  day  there  was  one  case,  which  resulted 
in  speedy  death.  The  victim  had  worked 
three  months  at  the  other  pier,  and  had  suf- 
fered no  inconvenience.  He  was  on  duty 
from  8  till  9  o'clock,  and  felt  well  after  com- 
ing up.  As  he  had  neglected  to  bring  his  din- 
ner he  was  allowed  to  go  ashore  at  11:30  to 
get  a  meal.  He.  however,  got  nothing  to  eat, 
but   drank   in   a   saloon.      He   returned   just   be- 
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fore  I  o'clock,  and  worked  from  I  till  2.  On 
leaving  the  air-chamber  he,  in  common  with 
the  rest  of  his  gang,  came  through  the  air- 
lock in  less  than  four  minutes.  He  was  taken 
sick  in  the  air-lock  and  was  unable  to  climb 
the  stairs.  He  became  unconscious  while  be- 
ing brought  up,  and  died  two  hours  after- 
ward. 

It  appears  that  the  temperature  in  the  air- 
chamber  was  unusually  high.  The  external 
air  was  66  degrees,  and  as  no  adequate  cool- 
ing apparatus  was  in  use  the  air  from  the 
pumps  must  have  entered  the  caisson  very 
much  heated.  On  the  following  day  the  air- 
supply  came  through  a  coil  of  150  feet  of  cop- 
per pipe  immersed  in  the  river.  The  tem- 
perature in  the  air-chamber  then  fell  to  be- 
tween 60  and  70  degrees. 

The  doctor  at  once  transferred  the  ice  box 
to  the  air-lock,  and  enforced  his  rules  strictly, 
in  spite  of  the  efforts  to  keep  down  the  tem- 
perature, the  men  complained  of  the  heat,  and 
of  being  very  tired  on  coming  out.  and,  not 
infrequently,  of  having  headache.  As  soon 
as  a  man  complained  of  pain  or  numbness  he 
was  required  to  rest  over  one  watch. 

To  prevent  men  reckless  of  danger  from 
passing  through  the  air-lock  too  rapidly,  the 
size  of  the  inlet  and  discharge  pipes  was 
changed,  so  that  though  the  valve  was  wide 
open,  the  stipulated  time  could  not  be  curtailed. 
One  can  imagine  the  imprecations  bestowed 
on  the  slow  coach  by  the  men  in  haste  to  get 
out. 

At  least  three-fourths  of  the  cases  that  died, 
worked  in  the  air  chamber  only  one  day,  and 
mostly  but  a  single  watch  of  two  hours.  Of 
all  those  that  died  from  the  effects  of  com- 
pressed air,  eight  post-mortems  showed  the 
brain  and  the  spinal  cord  were  congested  in 
all,  and  in  most  of  them  the  interior  organs 
of  the  bodies  were  also  congested.  There  was 
no  doubt  as  to  the  immediate  cause  of  death. 


An  air  compressor  is  an  item  which  should 
never  be  overlooked  in  an  electric  substation 
of  any  considerable  size,  as  the  life  of  any 
electric  apparatus  depends  to  a  very  large  ex- 
tent upon  its  cleanliness.  Having  a  small  au- 
tomatically controlled  compressor  and  a  re- 
ceiver in  which  a  suitable  pressure  is  main- 
tained, the  air  should  be  piped  to  various 
points  where  cocks  should  be  provided  and 
ready  means   for   attaching  rubber   hose. 


STEAM  OR  AIR  FOR  POWER 
HAMMERS 

The  accompanying  table  we  reproduce  from 
The  Engineer,  London,  with  the  comments  of 
The  Engineer  thereupon.  All  reliable  contri- 
butions to  our  mass  of  engineering  data  are  to 
be  welcomed,  and  all  may  be  "of  use  in  their 
place.  It  is  rarely,  however,  that  matter  such 
as  lure  presented  is  ever  decisive  of  the  ques- 
tion proposed,  since  no  prepared  conditions  can 
reproduce  these  of  actual  and  unpremeditated 
practice.  The  relative  costs  of  steam  and  of 
compressed  air  consumed  for  doing  certain 
work  with  the  hammer  really  give  little  hint  of 
the  final  costs  of  operation,  since  the  condi- 
tion perhaps  most  affecting  the  result  is  that  a 
hammer  is  never  operated  continuously,  and  it 
is  the  constant  expense  of  standing  always 
ready  and  the  delay  and  inconvenience  of 
warming  up  every  time  the  hammer  is  used 
which  alone  should  often  lead  to  the  choice  of 
air  as  the  operating  medium,  entirely  regard- 
less of  the  actual  cost  alone  of  the  air  or  the 
steam  used.     The  Engineer  says  : 

Although  everybody  is  prepared  to  admit 
that  compressed  air  possesses  certain  advan- 
tages over  steam  for  operating  power  hammers, 
the  sweeping  statement  sometimes  met  with 
that  the  former  is  the  more  economical  in 
steam  hammers  is  not  Confirmed  by  impartial 
investigation.  Messrs.  B.  and  S.  Massey,  the 
well-known  firm  of  pneumatic  and  steampower 
hammer  makers,  have  recently  published  tables 
which  throw  considerable  light  on  the  subject. 
The  properties  of  steam  and  compressed  air  are 
so  nearly  alike  that  it  is  safe  to  say  that  the 
same  amount  of  work  can  be  done  in  a  hammer 
cylinder  by  a  given  volume  of  each,  measured 
at  the  same  pressure.  Thus,  in  the  third  lines 
of  the  two  tables  there  are  given  quantities  of 
steam  and  air  respectively,  each  of  which  has 
a  volume  of  10,000  cubic  feet  at  60  lb.  pressure 
per  square  inch.  These  two  quantities  will 
therefore  be  capable  of  doing  the  same  amount 
of  work  in  the  cylinder.  In  column  five  are 
given  the  costs  of  obtaining,  under  certain  pos- 
sible conditions,  the  various  quantities  of  steam 
or  compressed  air.  Non-expansive  working 
has  been  assumed,  the  work  being  in  each  case 
86,400,000  foot-pounds,  but  the  equality  is  sub- 
stantially maintained,  even  if  a  considerable 
degree  of  expansion  be  used.  Very  slight  ex- 
pansive working  is,  however,  possible  in  steam- 


COMPRESSED  AIR 


4937 


Table  'if  Costs  of  Steam. 


] 

2 

3 

Volume 
{measured 

5 

Cost  of  coal,  labour,  and  boiler 

maintenance. 

Labour  and  boiler  maintenance  are 

Weight 

included  at  the  estimated 

pressure, 
per  sq.  in. 

of 
steam. 

pressure 
given  in 

Data  assumed. 

rate  of  2s.  per  ton  of  coal  used. 

Price 

Price  of            Price 

of  coal  10s. 
per  ton. 

coal  17s.  6d.   of  coal  25s. 
per  ton.     j    per  ton. 

Ik 

lb. 

cu.  ft. 

d. 

d.                  d. 

(1.) 

.30 

2198 

20,000 

283 

459 

635 

(II.) 

45 

1990 

13,333 

51b.  of  steam  delivered  to  hammer  per  lb.  of  coal  burnt. 

257 

41  2 

576 

(ML) 

60 

1753 

10,000 

(Thus  allowing  in  the  case  of  a  boiler  supplying  7J  lb.  of  steam 

22-6 

36*6 

50-8 

(IV.) 

30 

1666 

7,500 

per  lb.  of  coal,  for  the  condensation 

214 

34  8 

48',? 

(V.) 

100 

1579 

6,000 

in  the  pipes  of  £  of  the  steam  supplied  by  the  boiler. 

20'4 

33 

456 

(VI-) 

125 

1500 

4,800 

• 

194 

314                454 

(VII.) 

150 

1480 

4,000 

19  1 

30  9               42-8 

Table  o  '  Costs  of  Compressed  Air. 


Gauge 
pressure, 
per  sq.  in. 


60deg. 
Kah. 


Volume 
measured 

at 
pressure 
given  in 
column  1. 
and  at 
60deg. 
Fah. 


Data  assumed. 

Air  taken  in  at  60deg.  Fah.,  and  cooling  again  to  60deg.  Fah. 

after  compression,  and  used  at  60deg.  Fah. 


Cost  of  power  for  compressing 
the  air. 


1.— Electrically  -driven  compressor 

Average  efficiency  of  motor  85' 

Price  of  current  per  B.   of  T.I' 

(K.W.  hours) 

Id.  I  Id.  |  id.. 

2.— Belt  or  gas-driven  coiiipiuinw. 
Price  of  power  per  B.  H.  P.  per  hour. 


(Ha.) 
(Ilia.) 

(IVa.) 

(Va.) 
Wa.) 
(Vila.) 


100 
125 
150 


cu.  ft. 
60,800 

54,132 
50,800 

48,300 

46,800 
45,600 
44,800 


cu.  ft. 

20,000        Singlcstage  compressor  without  water  cooling  9'85  B.H.P.  per 
100  cu.  ft.  free  air  per  min. 

13,33y  '    Ditto,  126  B.H.P.  per  100  cu.  ft.  free  air  per  min 

10,000       Single    stage    compressor    with  water   cooling  14'3  B.H.P.   per 
100  cu.  ft.  per  min. 

7,500        Two   stage   compressor  with  water    cooling    and    inter   cooling 
15 '5  B.H.P.  per  100  cu.  ft.  per  min. 

6,000        Ditto,  1663  B.H.P.  per  100  cu.  ft.  per  min.   ...     .._......     .. 

4,800        Ditto,  18'6  B.H.P.  per  100  cu.  ft.  per  min -  ..     ■•     •• 

4,000        Ditto,  20'2  B.H.P.  per  100  cu.  ft.  per  min • 


99 

106 

108 


75 

79 


50 
S3 


114 
124 
132 


93 

*9 


(COSTS  OF  STEAM  AND  OF  AIR  FOR  DRIV1WG  POWER  HAMMERS. 


hammer  cylinders.  With  air  the  further  diffi- 
culty presents  itself  that  to  obtain  any  appreci- 
able degree  of  expansive  working  involves  a 
large  drop  in  temperature,  to  guard  against 
which  it  is  necessary  to  reheat  the  air — a  costly 
proceeding  with  such  machines. 

From  the  data  supplied  in  Messrs.  Massey's 
tables  it  is  seen  that  as  regards  the  items  of 
cost  here  given  it  is  generally  more  econo- 
mical to  use  steam  than  compressed  air.  For 
instance,  if  the  figures  for  60  lb.  steam  pressure 
be  compared  with  those  for  45  lb.  air  pressure 
— the  latter  being  regarded  by  the  authors  as 
trie  most  economical  air  pressure  to  work  at 
— with  reference  to  a  works  where  coal  is  ob- 
tainable for  10s.  per  ton,  and  electric  current 
cost  id.  per  unit,  or  belt  power  o.88d.  per 
brake  horse-power  per  hour,  the  cost  will  be 


as  22.6  is  to  99;  or,  stated  otherwise,  the  cost 
of  steam  driving  will  be  less  than  one  quarter 
of  that  of  air  operating.  On  the  other  hand, 
in  a  works  which  has  to  pay  17s.  6d.  per  ton 
for  fuel  and  only  J4d.  per  unit  for  electric 
energy,  or  o.22d.  per  brake  horse-power  per 
hour  for  belt  driving,  air  comes  out  the  cheap- 
er. Broadly,  however,  it  may  be  calculated 
that  the  cost  of  driving  by  steam  and  air  will 
be  about  the  same  in  a  works  where  coal  costs 
25s.  per  ton  and  electric  power  y^d.  per  unit, 
or  belt  power  o.44d.  per  brake  horse-power  per 
hour. 

An  interesting  feature  observable  in  the 
tables  is  that  the  cost  of  steam  decreases  as  the 
pressure  increases,  while  with  compressed  air 
the  reverse  is  the  case. 
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PNEUMATIC  TUBES  FOR  THE 
FACTORY 

By  Richard  H.  Libbey. 

A  problem  which  at  the  present  is  receiving 
more  attention  than  in  the  old  days  is  that 
of  transporting  tools  from  the  tool  room  to 
the  machinist.  In  a  great  many  shops  the  ma- 
chinist has  to  go  to  the  tool  room  when  any 
tool  is  wanted,  and  in  other  shops  a  helper  is 
sent  on  the  errand.  A  step  higher  than  this  is 
the  shop  where  by  pressing  a  button  the  ma- 
chinist calls  a  boy  who  can  do  the  errand. 
Another  problem,  which  comes  up  when  the 
idea  of  centralization  of  the  various  depart- 
ments in  different  buildings  is  carried  out,  is 
that  of  transporting  small  articles  from  shop 
to  shop,  or  between  office  and  shops.  A  tele- 
phone order  is  likely  to  be  misunderstood, 
and,  in  at  least  one  large  and  modern  fac- 
tory, the  motto,  "Verbal  orders  don't  go,"  is 
strictly  adhered  to.  To  carry  the  messages, 
drawings,  orders,  etc.,  back  and  forth  boys  are 
often  employed,  but  boys  are  rather  slow,  and 
liable  not  to  be  on  hand  promptly  when 
wanted.  The  solution  of  these  problems  is 
easily  found  in  a  pneumatic  tube  system.  A 
tube  is  run  to  the  various  points  which  are  to 
be  in  communication,  and  the  article  to  be 
transported  is  placed  in  a  carrier,  which  is 
forced  through  the  tubes  by  air.  Tubes  from 
2^4  to  8  inches  inside  diameter  are  used  for 
manufacturing  plants,  the  smaller  tubes  for 
messages,  drawings  and  the  like  as  well  as 
small  tools,  and  the  larger  tubes  for  commun- 
ication  between   various  buildings. 

There  are  two  pneumatic  tube  systems  in 
use,  one  being  the  pressure  system,  in  which 
compressed  air  is  forced  into  the  tube  behind 
the  carrier,  and  the  other  is  the  vacuum  sys- 
tem, where  an  exhauster  is  used  which,  as  we 
say,  sucks  the  carrier  through  the  tube.  The 
pressure  system  is  preferable  for  shop  pur- 
poses. 

In  the  vacuum  system  two  tubes,  an  out- 
going and  an  incoming,  are  required.  Besides 
these  there  is  also  an  exhauster  pipe  which  is 
tapped  into  the  suction  tubes  and  which  runs 
to  the  exhauster.  The  pressure  difference  in 
the  tubes  is  from  6  to  12  ounces  per  square 
inch,  which  will  easily  take  a  carrier  weigh- 
ing half  a  pound ;  but  there  is  no  reserve 
power  to  help  to  start  the  carriers  if  they  get 
stuck  in  the  tube.  The  horse  power  required 
depends   upon  the  number   of  bends   and   the 


amount  of  service  required.  For  half-pound 
carriers  at  pressures  of  6  to  12  ounces  per 
square  inch  an  allowance  of  one-fourth  to  one- 
half  horse  power  for  each  line  is  sufficient. 
The  carriers  travel  at  a  speed  of  1,000  to  2,500 
feet  per  minute.  This  system  assists  in  the 
ventilation  ;  but  12  inches  away  from  the  end 
of  the  suction  pipe  no  draft  can  be  felt. 

At  the  central  station  the  terminal  of  the 
tubes  is  rather  simple,  the  outgoing  tube  hav- 
ing a  bell-shaped  mouth  and  the  incoming  tube 
end  being  covered  by  a  clapper  which  is  forced 
open  by  the  carrier.  At  the  single  or  local 
station  an  air-tight  metal  hood  or  its  equiva- 
lent is  used,  and  the  outgoing  or  suction  tube 
is  tapped  into  it  as  well  as  the  incoming  tube. 
This  system  is  illustrated  by  Figure  1.  The 
clappers  swing  outwards  so  that  the  carriers 
can  pass  through  easily,  and  the  clapper 
closes  the  opening  almost  instantaneously  the 
suction  through  the  tube  is  not  broken  enough 
to  prevent  the  passage  of  another  carrier  go- 
ing in  the  same  direction  in  the  tube.  This 
arrangement  of  the  single  stations  lessens  the 
amount  of  exhauster  piping,  as  all  the  tubes 
can  be  tapped  near  the  central  station  and  the 
exhauster  can  be  placed  close  at  hand. 

The  pressure  system  requires  an  air  pump 
or  compressor,  which  compresses  the  air  to 
the  required  pressure,  and  an  air  receiver 
which  is  simply  an  air-tight  tank.  This  acts 
as  a  reservoir,  assisting  in  maintaining  an 
even  air  pressure,  and  minimizing  the  pulsa- 
tion due  to  the  strokes  of  the  pump.  It  also 
assists  in  taking  the  moisture  out  of  the  air. 
As  an  air  compressor  and  receiver  is  a  part 
of  the  equipment  of  most  of  the  plants  that 
would  be  likely  to  put  in  a  tube  system,  a  re- 
ducing valve  and  a  separate  low  pressure  air 
receiver  may  be  easily  installed.  Then  the 
plant  can  be  utilized  at  a  slight  additional 
cost.  If  the  compressor  capacity  must  be  in- 
creased it  is  often  better  to  put  in  another 
high  pressure  compressor  and  use  a  reducing 
valve  to  lower  the  pressure  to  that  required 
for  the  tubes.  Then  the  high  pressure  air 
would  be  reduced  in  pressure  and  discharged 
into  a  low  pressure  receiver,  being  piped  from 
there  to  the  tube  terminal  valves  by  ordinary 
wrought  iron  pipe.  With  two  high  pressure 
compressors  the  plant  would  not  be  left  with- 
out compressed  air  in  the  case  of  anything 
going  wrong  with  one  of  the  compressors. 
When  a  compressor  is  used  it  is  well  to  put 
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FIG.  I.  VACUUM  SYSTEM. 

in  an  automatic  regulator  also.  By  means  of 
this  regulator  when  a  certain  predetermined 
high  pressure  is  reached  the  air  will  be  by- 
passed around  the  piston  so  that  the  compres- 
sor will  not  be  pumping  against  any  pressure ; 
or,  by  another  scheme  of  regulation,  the  com- 
pressor will  be  stopped.  When  the  pressure 
drops  a  predetermined  amount  the  automatic 
regulator  will  start  the  compressor  by  closing 
the  by-pass ;  or  in  the  latter  case  by  starting 
the  motor  or  engine. 

With  the  pressure  system,  which  is  illus- 
trated by  Fig.  2,  the  tubes  are  normally  open 
to  the  atmosphere,  but  the  terminal  valves  are 
so  arranged  that  when  a  carrier  is  to  be  dis- 
patched and  the  cover  is  closed  it  operates  an 
auxiliary  valve,  which  admits  air  under  pres- 
sure behind  the  carrier.  As  the  air  supply  pipe 
is  smaller  than  the  tube  the  air  expands  to  a 
lower  pressure  if  the  carrier  runs  easily.  If 
for  any  reason  the  carrier  stops  the  air  pres- 
sure rises  until  normal  pressure  is  reached.  If 
the  carrier  then  fails  to  start  the  full  pressure 
of  the  compressor  can  be  turned  into  the  line. 
This  cannot  be  done  with  the  vacuum  system. 
When  the  carrier  reaches  the  terminal  for 
which  it  was  dispatched  it  rushes  out  and, 
while  doing  so,  actuates  an  auxiliary  valve, 
which  admits  air  into  a  small  iron  pipe  noted 
as  the  releasing  air  pipe  in  Fig.  2.  This  pipe 
leads  to  a  valve  at  the  other  end  of  the  tube 
and  admits  air  under  a  diaphram  which  is 
forced  upwards,  and  in  so  doing  unlatches  the 
cover  which  by  the  aid  of  a  spring  or  of  grav- 
ity swings  open.     When  it  opens  the  air  pres- 


sure on  the  main  tube  is  shut  off,  thus  pre- 
venting any  waste  of  air  and  making  an  eco- 
nomical system,  as  power  is  being  used  dur- 
ing the  passage  of  the  carrier  only.  In  the 
vacuum  system  there  is  a  constant  current  of 
air.  The  auxiliary  valve  operating  the  un- 
latching or  releasing  mechanism  is  controlled 
by  a  dash-pot  so  that  it  shuts  off  the  air  just 
as  ,  soon  as  the  diaphram  has  done  its  work. 
Instead  of  the  auxiliary  valve,  pipe  and  dia- 
phram arrangement  a  contact  lever  and  an 
electro-magnet  has  been  arranged,  in  some 
cases  and  has  been  found  to  work  satisfactor- 
ily. 

While  the  pressure  system  requires  only  one 
carrier  tube  between  two  points  of  communi- 
cation it  does  require  that  an  ordinary  iron 
pipe  be  run  to  the  valves  to  carry  the  air  to 
them.  Two  carriers  at  opposite  terminals 
cannot  be  put  in  the  tube  at  the  same  time  as 
the  outward  rush  of  air  at  the  terminal 
towards  which  the  carrier  is  travelling  would 
prevent  the  second  carrier  being  dispatched. 
Usually  the  time  of  transmission  is  so  short 
that  no  inconvenience  is  caused  by  the  single 
tube. 

The  tubes  for  the  vacuum  system  and  also 
for  the  pressure  system  up  to  four  inches  in- 
side diameter  are  of  brass,  hard  brass  tube 
being  used  for  the  straight  runs  and  annealed 
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brass  tubing  for  the  bends.  The  tubes  must 
be  bent  at  a  large  enough  radius  so  that  the 
carrier  can  pass  through  easily  without  jam- 
ming, and  all  the  joints  must  be  flush  and 
smooth  so  that  there  will  be  no  sharp  corners 
or  burrs  for  the  carrier  to  catch  or  rub 
against.  When  bending  the  practice  of  some 
manufacturers  is  to  fill  the  tubes  with  melted 
rosin  and  allow  it  to  solidify.  After  it  has 
become  thoroughly  cooled  and  hardened  the 
tube  is  bent  over  a  form  until  the  proper  rad- 
ius is  reached.  For  tubes  2*4  and  2^2  inches 
in  diameter  a  minimum  radius  is  three  feet, 
and  some  use  a  larger  radius,  but  three  feet 
is  sufficient  for  carriers  of  the  ordinary 
length.  After  bending,  the  rosin  is  melted 
out  of  the  tube  and  it  is  cleaned  and  polished. 
To  test  it  it  can  be  set  up  and  a  carrier 
dropped  into  it.  If  it  goes  through  easily  by 
gravity  it  can  be  depended  upon  as  being  all 
right.  There  are  machines  now  in  the  mar- 
ket that  can  bend  the  tubes  without  being 
filled. 

The  straight  runs  are  composed  of  a  series 
of  shorter  lengths  of  tubing  which  are  joined 
by  a  butt  joint  and  over  which  a  close  fit- 
ting jacket  or  sleeve,  also  made  of  tubing,  is 
clamped.  This  gives  an  air-tight  joint,  and 
one  that  cannot  get  out  of  line,  as  the  jacket 
extends  several  inches  each  side  of  the  joint. 
When  the  tubes  are  put  up  care  must  be  tak- 
en to  make  a  perfectly  smooth  joint  and  then 
there  will  be  no  trouble. 

The  eight-inch  tubes  are  made  of  cast-iron 
pipe  bored  to  the  correct  diameter.  These  are 
of  the  same  form  as  the  ordinary  water  and 
gas  pipes,  and  the  joints  are  made  with  yarn 
and  lead  in  the  usual  manner.  The  bends  are 
made  of  brass  tubing.  Two  tubes,  an  outgoing 
and  an  incoming,  are  used,  although  the  sys- 
tem is  operated  by  compressed  air.  The  ter- 
minals are  more  complicated  than  for  the 
smaller  tubes.  The  tube  has  a  transmitter  at 
one  end  into  which  the  carrier  is  placed,  and 
it  is  then  tipped  up,  allowing  the  carrier  to 
plunge  through  the  clapper  or  gates  and  on 
into  the  tube.  As  there  is  a  constant  current 
of  air  the  carrier  is  caught  in  the  current  and 
forced  along  at  the  rate  of  about  30  miles  an 
hour  at  an  air  pressure  of  9  pounds.  At  the 
receiving  end  there  is  an  air  lock  arrange- 
ment that  keeps  the  heavy  carrier  from  bang- 
ing into  the  terminal  gates  and  receiver.  With 
the  smaller  tubes  the  terminals  are  usually  set 
vertical,   discharging  and  receiving  either  up- 


wards or  downwards.  With  the  larger  tubes 
the  receiving  station  is  set  horizontally.  For 
obvious  reasons  the  eight  inch  tubes  cannot 
be  bent  at  as  small  a  radius  as  the  little  tubes, 
and  this  has  to  be  taken  into  account  when 
making  a  layout. 

Carriers  for  messages  are  made  of  leather, 
open  at  one  end  with  a  felt  washer  or  buffer 
at  the  other.  For  other  uses  the  carriers  are 
made  of  brass  tubing  with  felt  ends  and  a 
sliding  cover  in  the  side  which  allows  the 
contents  to  be  securely  held  in  the  carriers. 
The  carriers  for  the  larger  size  tubes  are  made 
of  sheet  steel  with  bearing  rings  near  each  end 
and  a  felt  buffer  at  one  end,  while  the  cover 
is  at  the  other  end. 

To  even  up  all  that  has  been  said,  it  can 
be  mentioned  that  the  pressure  system  is  the 
best  for  shop  use,  where  tools  and  other  arti- 
cles are  to  be  transported,  because  it  has  a 
reserve  pressure  which  can  be  turned  into  the 
line  to  force  any  heavily  loaded  carrier  along. 
With  this  system  only  a  brass  tube  and  a 
small  iron  pipe  are  required  between  two  sta- 
tions. If  an  air  system  is  in  use  the  only  ad- 
dition to  the  plant  that  is  necessary  is  a  reduc- 
ing valve,  and,  finally  with  this  system  power 
is  being  used  only  when  a  carrier  is  in  the 
course  of  transportation.  With  the  vacuum 
system  there  is  no  reserve  power  to  help  out. 
Two  brass  tubes  are  required  to  complete  com- 
munication between  two  stations.  An  exhaust- 
er must  be  installed  and  the  system  is  using 
power  continually.  With  both  systems  the 
air  pressure  is  low  and  the  valves  are  simple 
in  operation  and  design,  and  there  is  no  deli- 
cate mechanism  to  get  out,  of  order.  The  wear 
on  the  tube  is  so  small  as  to  be  immaterial, 
and  if  by  an  accident  a  hole  should  be  punched 
in  the  tube  there  will  be  no  serious  damage 
done.  The  outrush  of  air  under  low  pressure 
will  do  no  one  any  harm.  Either  system, 
when  once  installed,  offers  an  economical, 
speedy  and  sure  way  in  which  the  problem  of 
transporting  tools  and  small  articles,  as  well 
as  orders,  messages  and  drawings  to  various 
points  can  be  solved. — Industrial  Magazine. 


One  astonishing  discovery  by  the  use  of 
anchored  balloons  with  self-registering  de- 
vices at  Strasburg,  Germany,  is  an  isothermal 
zone  in  the  air  at  a  height  of  about  40,000 
feet,  in  which,  contrary  to  experience  in  the 
lower  regions,  temperature  does  not  .diminish 
with   recession   from   the   earth. 
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COOLING  AIR  FOR  COLD  STORAGE 

The  following  we  abstract  from  Ice  and 
Cold  Storage,  London.  There  is  one  main 
principle  on  which  air  is  cooled  for  use  in  cold 
rooms  of  large  capacity,  but  the  methods  of 
applying  the  principle  are  various.  The  prin- 
ciple alluded  to  is  that  of  propelling  air 
through  a  chamber  containing  some  cooling 
agents. 

The  application  of  this  principle  in  its  sim- 
plicity is  illustrated  in  Fig.  1,  in  which  A  is  the 
duct  by  which  air  enters  the  cooling  chamber 
CC.  To  force  air  into  such  a  chamber  and  then 
to  circulate  it  through  a  dozen  rooms  or  more 
calls  for  some  means  of  driving  it  along,  such 
as  a  fan  or  air  propeller  fixed  at  a  point,  as 
F,  just  before  the  entrance  to  the  cooling 
chamber. 

The  cooling  chamber  is  arranged  according 
to  the  following  methods  in  the  United  King- 
dom. In  some  cases  two  or  more  tiers  of 
pipes,  P  P  P,  running  lengthwise,  are  fixed  in 
the  chamber,  a  refrigerant  being  passed 
through  them  when  the  plant  is  at  work.  The 
refrigerant  most  commonly  used  is  brine 
cooled  to  between  10  and  26  degrees  Fahr. 
This  wide  range  of  temperature  is  of  interest 
as  presenting  a  phase  of  the  working  about 
which  questions  of  economy  arise.  In  some 
cases  the  cooling  agent  is  a  refrigerant  in  a 
vaporous  condition.  The  cooling*  then  is  ef- 
fected by  "direct  expansion,"  the  refrigerant 
entering  the  pipes  under  conditions  as  regards 
pressure  and  temperature,  which  cause  it  to 
change  from  liquid  to  vapor,  extracting  heat 
from  the  pipes  which  confine  the  thus  vapor- 
ized refrigerant,  and  from  whatever  may  be 
in  contact  with  them,  which  would  be  the  air 
occupying  the  chamber.  Whether  brine,  am- 
monia or  carbonic  acid  were  used  the  cooling 
principle  would  be  the  same ;  the  air  being 
in  contact  with  the  pipes  containing  the  frig- 
rant  would  be  deprived  of  heat  by  them,  and 
its  temperature  would  be  lowered. 

Usually  cold  brine  is  also  made  to  flow  down 
over  the  outsides  of  the  pipes,  their  entire  sur- 
faces being  laced  by  the  liquid.  The  brine  pre- 
vents the  accumulation  otherwise  of  a  deposit 
of  non-conducting  frost  on  the  pipes,  and  also 
has  a  direct  cooling  effect  of  its  own. 

Another  plan  is  the  plate  cooling  method,  in 
which  pipes  containing  a  refrigerant  may  or 
may  not  be  used.     The  essential  cooling  media 


are  plates  of  thin  galvanized  metal,  corru- 
gated or  flat,  fixed  either  upright  or  on  edge, 
with  a  flow  of  cold  brine  maintained  down- 
wards all  over  them,  the  aim  being  to  main- 
tain a  thin  film  of  brine  on  all  the  plate  sur- 
faces. In  some  cases  the  plates  are  three 
inches  apart  and  sometimes  more  than  this. 
The  plates  being  usually  lengthwise  of  the 
chambers,  tthe  air  in  passing  through  comes  in 
contact  with  them,  and  is  effectually  cooled. 

By  a  third  method  of  cooling  a  number  of 
discs  of  thin  galvanized  metal,  two  or  three 
feet  in  diameter  and  either  flat  or  slightly  con- 
caved, are  mounted  on  spindles  which  rest 
across  a  tank  on  the  floor  of  the  cooling  cham- 
ber to  hold  the  cold  brine,  about  one-third  of 


the  disc  area  being  submerged.  A  slow  rota- 
tion of  the  spindles  keeps  the  discs  constantly 
wet. 

The  spray  method  has  as  its  chief  feature 
the  maintaining  of  a  continuous  shower  of 
brine  over  the  area  of  the  cooling  chamber. 
The  fall  of  the  shower  may  be  direct  or  in- 
terrupted by  a  succession  of  perforated  cross 
trays.  The  air  driven  through  the  cooler  comes 
in  contact  with  the  particles  of  cold  brine.  A 
proper  combination  of  pipes  and  plates  makes 
a  very  effective  cooler. 

In  the  practical  working  of  either  of  these 
coolers  conditions  may  be  noted  which  sug- 
gest modifications.  The  spray  plan,  for  ex- 
ample, has  at  times  produced  very  unfavorable 
results.  The  particles  of  brine  have  been  car- 
ried away  by  the  strong  current  of  air  and 
deposited  on  meat  or  poultry  in  the  storage 
rooms. 

In  the  construction  of  an  air  cooler,  the  sur- 
face area  of  the  pipes,  plates  or  discs  pro- 
vided for  cooling  the  air  blown  through  the 
cooler  will,  it  may  be  assumed,  be  determined 
bv  the  aggregate  volume  of  the  air  contained 
in  all  of  the  rooms,  and  in  the  air-circulating 
trunks  when  the  store  is  working  at  its  max- 
imum. In  theory  a  known  volume  of  air  (a) 
may  Ik-  cooled  sufficiently  to  admit  of  a  cold 
store   working    satisfactorily    at    its   maximum, 
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by  the  said  volume  being  kept  in  constant  cir- 
culation through  a  cooler  having  a  minimum 
cooling  capacity  (b).  In  strict  theory,  the  de- 
termination of  the  ratio  between  the  cooling 
capacity  of  the  cooler  and  the  cooling 
duty  to  be  performed  could  be  easily  deter- 
mined ;  but  in  the  usual  working  of  a  cold 
storage  plant  variations  are  inevitable. 

As  already  stated,  the  cooling  agent  may 
pass  through  the  pipes  at  10  degrees  F.  or 
at  26  degrees  F.,  or  at  any  degree  between,  and 
the  brine  showered  over  the  pipes  may  show  a 
like  variation  in  temperature.  Here,  obviously, 
are  factors  which  may  interfere  greatly  with 
the  theoretical  ratio  between  (b)  and  (a), 
one  is  forced  to  provide  for  a  compromise  as 
between  the  theoretical  ratio  named  and  the 
ratio  between  the  work  actually  to  be  done 
(c)  and  the  efficiency  of  the  cooler  (d).  This 
brings  the  enquirer  to  the  practical  conclusion 
that  the  most  effective  device  for  cooling  air 
while  passing  through  the  cooler  will  prove  at 
once   the  most   economical. 

Referring  to  Fig.  1,  it  will  be  obvious  that 
if  the  space  between  any  two  tiers  of  pipes 
(P  P)  in  a  cooler  be,  say,  twenty-four  inches, 
the  cooling  effect  of  pipes  of  the  same  size, 
with  the  same  refrigerant  if  twelve  inches 
apart,  would  be  much  greater  on  the  volume  of 
air  lying  between  the  tiers.  This  suggests  that, 
due  regard  being  paid  to  the  total  efficiency  of 
the  refrigerant  available  for  use  in  a  cooler, 
the  more  tiers  of  pipes  there  are  (where  pipes 
are  used)  the  better.  The  distribution  of  the 
refrigerant  among  the  volume  of  the  air  con- 
tained in  the  cooler  at  any  time  will  be  the 
more  advantageous,  while  the  columns  or 
"walls"  of  air  between  the  tiers  of  pipes  will 
be  reduced   in   thickness. 

In  common  practice  the  air  enters  the  cooler 
at  a  particular  point,  say,  the  point  F  in  Fig. 
I,  and  is  driven  straight  through  the  cooler, 
and  passes  out  again  by  the  outlet  duct,  O,  at 
the  other  side.  There  is  practically  no  hin- 
drance or  detention  of  the  air  in  passing 
through.  Obviously  the  air  if  held  briefly  in 
contact  with  the  surfaces  of  the  pipes,  plates 
or  discs,  in  passing  through  the  cooler,  would 
be  more  quickly  and  effectually  cooled. 

An  arrangement  which  promises  such  a  treat- 
tnenl  of  the  air  is  shown  in  Fig.  2.  In  this  case 
the  lines  P  P  P  represent  thin  plates  of 
metal  (corrugated),  the  plates  being  fixed  "on 
end,"   with   their  corrugations  vertical  and  be- 


ing not  more  than  four  inches  apart.  A  thin 
stream  of  cold  brine  would  be  discharged  from 
a  perforated  V-trough  fixed  across  the  top  of 
each  plate.  With  such  an  arrangement,  the 
wall  of  air  between  each  pair  of  plates  would 
be  sufficiently  "thin"  to  admit  of  an  expeditious 
cooling  of  the  particles  of  air,   while  the   on- 
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ward  motion  of  the  air  would  be  hindered 
somewhat  by  the  corrugations,  the  cooling  ef- 
fect of  the  plates  being  hastened  thereby.  The 
arrangement  of  pipes  and  plates  alternately 
disposed  has  the  same  effect.  The  reducing  of 
the  thickness  of  the  columns  or  "walls"  of  air 
in  the  cooler,  and  the  detention  of  the  air 
for  a  longer  time  in  contact  with  the  pipes, 
plates  or  discs,  while  passing  through  the  cool- 
er, will  give  the  most  economic  cooling  of  air 
attainable  in  ordinary  daily  practice  at  cold 
stores. 


NATIONAL  COAL  RESOURCES 

A  government  geologist,  M.  R.  Campbell, 
has  recently  prepared  an  estimate  of  the  bi- 
tuminous coal  deposits  of  the  United  States, 
not  including  Alaska,  and  his  deductions  should 
do  much  to  quiet  the  alarmists  who  are  pre- 
dicting an  early  exhaustion  of  our  fuel  supply. 
From  our  present  knowledge  of  the  coal  fields 
it  appears  that  we  originally  had  two  thousand 
two  hundred  billion  (2,200,000,000,000)  tons,  of 
which  we  have  mined  and  used  about  seven 
billion  tons,  leaving  a  reserve  of  two  thousand 
one  hundred  and  ninety-three  billion  (2,193,- 
000,000,000)  tons.  This  does  not  include  the 
anthracite  fields,  fields  of  low  grade  coal,  or 
those  of  Alaska.  Besides  the  deposits  covered 
by  the  above  estimate  more  coal  is  being  dis- 
covered every  year.  A  recent  boring  in  Colo- 
rado passed  through  34  coal  measures,  the 
lowest  seam  at  a  depth  of  830  feet  being  16  feet 
thick  and  of  excellent  quality.  It  is  safe  to  esti- 
mate the  present  coal  supply  of  the  United 
States  at  seven  thousand  billion  tons,  and  at 
our  present  rate  of  consumption,  four  hundred 
and  twenty  million  (420,000,000)  tons  a  year, 
we    have    enough    to    last    us    seven    thousand 
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THE  RAPIEFF  FLANGE  JOINT  FOR 
HIGH  AND  LOW  PRESSURES 

By   B.   C.    Batcheller. 

Flanged  joints  for  steam,  water,  air,  gas  and 
other  fluids  under  pressure,  are  usually  made 
tight  by  bolting  a  thin,  flat  gasket  of  some  soft 
material  between  the  faces  of  the  flanges. 
Such  a  joint  is  shown  in  Fig.  I.  The  material 
used  for  the  gasket  is  commonly  rubber,  com- 
pounds of  rubber  with  other  substances — as- 
bestos, paper,  lead,  white-lead,  etc.  We  de- 
pend upon  the  compression  and  flow  of  the 
gasket    to    fill    the    space    between    the    flanges 


mad.'  much  thicker  ami  bolts  much  larger 
than  required  by  the  longitudinal  strain  due 
to  the  pressure  of  the  fluid  alone. 

In  the  case  of  high-fluid  pressure  it  is  com- 
mon practice  to  increase  the  pressure  per 
square  inch  on  the  gasket  by  making  it  nar- 
row and  not  having  it  extend  across  the  en- 
tire face  of  the  flange.  The  gasket  must  be 
placed  inside  the  bolt  circle,  and,  as  a  result, 
if  the  flanges  are  not  extra  thick,  there  is 
great  danger  that  the  strain  of  the  bolts  will 
break  them.  A  joint  of  this  kind  is  shown 
in  Fig.  2. 


FLANGE  JOINTS  FOR  HIGH  PHESSURES. 


and  friction  to  hold  the  gasket  in  place. 
Usually  the  gasket  is  made  broad,  covering 
the  entire  face  of  the  flange,  and  the  force  of 
the  bolts  drawing  the  flanges  together  is  dis- 
tributed over  a  large  area  of  gasket.  It  fre- 
quently happens,  however,  that  the  bolts  must 
be  screwed  up  very  hard  to  give  sufficient 
pressure  per  square  inch  on  the  gasket  to 
make  the  joint  tight ;  this  is  especially  true 
if  the  faces  of  the  flanges  are  rough  or  not 
parallel.         As    a    result,    flanges    have    to    be 


FLAT  GASKETS   BLOW  OUT. 

It  often  happens  with  high  pressures  that 
sufhciert  friction  cannot  be  obtained  between 
the  gasket  and  the  face  of  the  flanges,  result- 
ing in  the  gasket  being  blown  out.  This 
result  can  be  prevented  by  placing  the  gasket 
in  a  groove  or  counterbore  in  the  face  of  one 
of  the  flanges  with  a  tongue  on  the  opposite 
flange  as  in  Fig.  2,  but  such  an  arrangement 
does  not  overcome  the  other  objections  to  a 
flat  gasket. 
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If  the  two  flanges  must  be  at  a  fixed  and 
definite  distance  apart,  the  use  of  a  flat  gasket 
leads  to  much  difficulty,  since  its  thickness  de- 
pends upon  the  force  with  which  the  bolts 
are  screwed  up.  One  part  of  the  gasket  may 
be  softer  than  another,  or  there  may  be  irreg- 
ularities in  the  faces  of  the  flanges,  requiring 
the  bolts  to  be  screwed  harder  on  one  side 
than  the  other,  in  which  case  paralellism  be- 
tween the  flanges  cannot  be  maintained. 

THE   DYNAMITE   GUN. 

A  great  deal  of  ingeunity  was  expended 
about  15  years  ago  in  designing  the  pneu- 
matic dynamite  gun,  six  of  which  were  built 
for  the  United  States  Government,  and  erected 
for  the  defense  of  our  harbors.  The  guns 
were  eventually  consigned  to  the  scrap  heap, 
but  there  were  some  features  of  their  con- 
struction that  deserve  to  live  and  have  a 
prominent  place  among  the  useful  devices  of 
the  mechanical  arts.  I  have  particularly  in 
mind  the  method  of  making  the  joints  in  the 
pipes  and  castings  that  were  a  part  of  the 
gun  and  the  gun  reservoir.  These  joints  were 
subjected  to  an  air  pressure  of  1,000  pounds 
per  square  inch  in  the  gun,  and  2,000  pounds 
in  the  storage  reservoir.  They  were  easily 
and  quickly  made  by  ordinary  mechanics  and 
were  invariably  tight.  The  joints  were  de- 
signed by  the  late  Captain  John  Rapieff,  who 
designed  the  gun.  One  of  them  is  shown  in 
Fig.  3- 

Just  inside  the  bolt  circle  a  groove  of  pecu- 
liar shape,  a  b  c,  is  turned  in  the  face  of  each 
flange,  forming  an  annular  space  for  the 
packing  when  the  flanges  are  bolted  together. 
Into  the  annular  space  thus  formed,  a  ring 
of  round  rubber  cord  is  laid,  and  the  two 
flanges  are  bolted  up  metal  to  metal.  The 
cross-sectional  area  of  the  grooves  is  made 
slightly  less  than  the  sectional  area  of  the 
rubber  cord,  so  that  when  the  flanges  are 
bolted  together  the  rubber  is  slightly  com- 
pressed into  the  form  of  the  grooves  and  the 
surplus  rubber  flows  into  a  narrow  space  d, 
between  the  flanges,  that  is  open  into  the 
interior  of  the  pipe.  This  space  d  is  made 
about  1- 16  inch  thick.  The  fluid  pressure  acts 
against  the  thin  lip  of  the  rubber  c,  tending  to 
force  it  back,  putting  the  entire  ring  of  rubber 
under  static  pressure,  and  sealing  the  joint  at  c. 
Thus  the  higher  the  pressure  the  tighter  is  the 
joint,  which  is  not  true  in  the  ease  of  a  joint 


with  a  flat  gasket.  Since  the  flanges  come  in 
contact,  there  is  no  tendency  to  bend  or  break 
them  in  screwing  up  the  bolts.  The  bolts  need 
only  be  screwed  tight  enough  to  bring  the 
flanges  together,  for  the  tightness  of  the  joint 
does  not  depend  upon  the  force  with  which 
the  bolts  are  screwed  up. 

']  lie  rubber  gasket  ring  is  shown  in  Fig. 
4.  It  is  made  from  rubber  cord  that,  can  be 
hou'jlit  by  the  yard  and  made  into  rings  as 
required.  A  splice  is  shown  at  f,  which  is 
made  by  cutting  the  cord  obliquely  and  joining 
the  ends  with  rubber  cement.  The  ring  should 
have  the  same  diameter  as  the  grooves  in  the 
faces  of  the  flanges.  Rubber  cord  l/>  inch  di- 
ameter is  large  enough  for  the  largest  joints, 
and  it  is  not  convenient  to  use  cord  much  less 
than  :4  inch  in  diameter.  The  rubber  should 
be  of  good  quality,  soft,  and  preferably  what 
is'  known  in  the  trade  as  "pure  gum."  When 
a  joint  is  made  in  a  horizontal  pipe,  the  rubber 
ring  can  be  held  in  the  groove  of  one  flange 
by  means  of  rubber  cement,  while  the  other 
flange  is  being  brought  up  into  position.  The 
joint  shown  in  Fig.  3  was  used  when  exact 
alinement  of  the  bolted  parts  was  not  required. 
In  joining  together  some  parts  of  the  gun — 
for  example,  sections  of  the  barrel,  alinement 
was  important,  and  to  secure  that,  the  joint 
shown  in  Fig  5  was  used,  in  which  there  is  a 
counterbore  and  tongue. 

USING    A    DIFFERENT    FACKING    RING. 

Another  form  of  the  Rapieff  joint  is  shown 
in  Fig.  6,  and  a  section  of  the  rubber  ring  in 
Fig.  7.  This  has  some  advantages  over  the 
joint  shown  in  Fig.-  3,  since  there  are  only 
plane  and  conical  surfaces  to  be  machined  in- 
stead of  an  irregular  shaped  groove.  The 
rubber  ring  can  either  be  molded  or  be  cut  in  a 
strip  from  a  flat  sheet,  and  then  made  into  a 
ring  by  splicing  the  ends. 

The  important  point  in  making  all  of  these 
joints  is  to  have  the  section  of  the  space  for 
the  rubber  between  the  flanges  slightly  smaller 
in  area  than  the  section  of  the  rubber  before  it 
is  put  between  the  flanges,  and  to  provide  a 
narrow  space  for  the  surplus  rubber  to  flow 
into,  which  must  be  on  the  side  toward  the 
interior  of  the  pipe.  The  rhomboidal  packings 
and  the  conical  surface  b  c,  in  Fig.  3,  were 
made  with  an  angle  of  60  degrees. 

Still  another  form  of  the  Rapieff  joint  used 
in  the  pneumatic  gun  is  shown  in  Fig.  8.     This 
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shows  a  head  bolted  to  a  cylinder.  The  rub- 
ber packing  ring  is  not  placed  between  the 
flanges  in  this  case,  but  within  the  cylinder 
and  on  the  portion  of  the  head  that  projects 
into  the  cylinder.  In  making  this  joint  the 
rubber  ring  should  be  stretched  over  the 
cylindrical  part  of  the  head  in  order  to  hold 
in  place  while  the  head  is  being  entered  into 
the  cylinder.  The  rubber  ring  should  be  wider* 
and  thinner  than  the  space  it  is  to  occupy  after 
the  head  is  bolted  up.  Talc  powder  can  be 
used  to  advantage  on  the  rubber  while  sliding 
the  head  into  place,  to  prevent  the  rubber 
from  sticking.  Fig.  9  shows  the  form  of  the 
ring  before  it  is  inserted. 

PACKING  TWO  SHOULDERS. 

With  the  flat  gasket  it  is  practically  impos- 
sible to  make  two  joints  at  two  shoulders  on 
the  same  piece  and  have  them  both  tight,  but 
with  the  Rapieff  joint  this  problem  presents  no 
difficulties.  An  example  is  shown  in  Fig.  10. 
A  lantern  casting  A  is  bolted  by  means  of  a 
flange  to  an  annular  casting  B.  To  prevent 
the  escape  of  fluid  under  pressure,  a  rubber- 
ring  packing  C  is  used  at  the  joint  of  the 
flange,  and  a  rhomboidal  rubber-ring  pack- 
ing D  in  the  cylindrical  joint  between  the 
lantern  openings.  When  the  flanges  are  bolted 
together,  both  rings  are  slightly  compressed. 
Fig.  11  shows  an  arrangement  of  several  pack- 
ings  to   separate   spaces  in   the   same  castings. 

The  Rapieff  joint  is  not  confined  in  its  use- 
fulness to  high  pressures.  In  a  modified  form 
it  has  been  extensively  used  in  the  Philadelphia 
pneumatic  postal  tube  system,  where  the  air 
pressure  seldom  exceeds  5  pounds  per  square 
inch.  This  joint  is  shown  in  Fig.  12.  A  rec- 
tangular groove,  ]A  inch  wide  by  %  hich  deep, 
is  turned  in  the  face  of  one  flange,  and  a 
tongue  Y%  inch  wide  by  5-32  inch  high,  is 
turned  on  the  face  of  the  opposite  flange.  The 
outside  diameter  of  the  tongue  fits  the  outside 
diameter  of  the  groove.  A  rubber  ring,  shown 
in  Fig.  13,  V2  inch  wide  by  %  inch  thick,  is 
laid  in  the  groove  and  the  two  flanges  are 
bolted  face  to  face.  The  rubber  ring  is  com- 
pressed between  the  face  of  the  tongue  and  the 
bottom  of  the  groove  until  it  has  a  thickness 
of  3-32  inch,  the  surplus  rubber  flowing  into  a 
space  provided  by  making  the  tongue  narrower 
than  the  groove.  The  advantages  of  this  joint 
are  the  alinement.  of  the  pipe  sections  and  the 
ease  with  which  a  rectangular  groove  and 
tongue  can  be  machined. — American  Machinist. 


PREVENTING  THE  SPREAD    OF    DUST 
IN  DRILLING  SHOT-HOLES 

Various  attempts  have  been  made  to  pre- 
vent the  dissemination  of  dust  during  the  oper- 
ation of  drilling  shot-holes  with  percussion 
tools — a  water-spray  in  one  case,  and  oblique 
currents  of  air  in  another — but  without  much 
success.  The  Bonneway  collector,  illustrated 
in  fig.  1,  is  said,  however,  to  furnish  good  re- 
sults, the  dust  being  conveyed  direct  into  a 
receptacle  near  the  face,  without  escaping  in- 
to the  air  at  all. 


Fie.   I. 

The  collector  consists  of  a  tube  A,  about 
io  in.  long  and  \^\  in.  in  diameter,  which  is 
driven  into  the  mouth  of  the  shot-hole  when 
the  latter  has  been  drilled  to  a  depth  of  sev- 
eral inches.  The  outer  end  of  this  tube  is 
evased  and  fitted  with  a  collar  which  presses 
on  a  rubber  washer  forming  a  stuffing  gland 
for  the  percussion  drill  and  preventing  the 
escape  of  dust  into  the  air,  whilst  at  the  same 
time  helping  to  centre  the  tool.  A  downward 
branch  /;  of  the  tube  A  is  fitted  with  a  flexible 
tube  c,  through  which  the  dust  is  conveyed  to 
a  tub  or  other  receptacle  d. 

Another  device  invented  for  the  same  pur- 
pose, by  M.  Lebacqz,  fig.  2,  has  been  in  use  for 
some  time  at  the  Bihain  quarries.  It  consists 
essentially  of  a  leather  sheath,  formed  like  the 
bellows  of  an  accordion,  to  surround  the  stem 
of  the  drill,  the  one  end  of  the  sheath  being 
attached  to  the  drill   stem  and  communicating 
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with  a  collecting  bag,  whilst  the  other  end  is 
pressed  against  the  face  by  means  of  a  spiral 
spring  surrounding  the  drill  stem.  The  folds 
of  the  sheath  open  and  close  with  the  recipro- 
cating movement  of  the  drill,  the  spiral  spring 
keeping  the  face  end  of  the  sheath  tight 
against  the  mouth  of  the  hole  all  the  time, 
the  tension  of  the  spring  increasing  as  the  hole 
is  deepened. — Annates  des  Mines  de  Begiique. 


CARE  OF  THE  AIR  BRAKE  PUMP 

In  fast  passenger  service  an  air  pump  fail- 
ure is  an  engine  failure,  and  why  the  pump 
should  not  be  given  as  much  care  and  atten- 
tion as  any  other  part  of  the  locomotive  is 
not  quite  clear. 

While  pumping  air  into  a  leaky  brake  pipe 
has  a  tendency  to  overheat  the  pump,  nearly 
all  of  the  actual  damage  which  results  in  a 
pump  failure  is  done  at  the  engine  house  at 
the  time  the  pump  is  started.  Nearly  every 
hostler,  shop  hand  "or  fireman  knows  how 
a  pump  should  be  started,  but  the  way  it 
actually  is  started  is  very  often  by  opening 
the  throttle  wide,  whether  there  is  any  air 
pressure  in  the  main  reservoir  or  not,  and  if 
the  surge  of  water  in  the  steam  end  of  the 
pump  does  not  break  anything,  the  piston, 
after  a  few  seconds,  will  throw  the  water  of 
condensation  out  through   the  exhaust  pipe. 

If  this  same  action  took  place  in  the  cyl- 
inders of  a  locomotive  in  motion  it  would  prob- 
ably knock  out  a  cylinder  head,  but  as  there 
is  no  pressure  on  the  pump  piston,  other  than 
boiler  pressure  transmitted  through  water  it 
cannot  knock  the  top  head  off.  The  worst  it 
can  do  is  to  wash  out  all  the  lubrication  of 
the  top  head  and  throw  a  strain  on  the  bolts 
holding  it,  which  usually  results  in  a  leaky 
top  head  gasket,  and  this  robs  the  pump  of  the 
small  quantity  of  oil  that  can  be  spared  from 
the  lubricator. 

When  a  high  air  pressure  is  reached  the 
discharge  valves  do  not  lift  until  the  piston  is 
very  near  the  end  of  its  stroke.  The  stroke 
shortens  somewhat,  as  the  high  pressure  checks 
the  piston  speed,  thus  giving  more  time  for 
the  reversing  gear  to  operate.  In  order  to  be 
efficient  the  pump  must  deliver  all  the  com- 
pressed air  possible  on  each  stroke.  If  it  does 
not  do  this  the  air  which  is  not  delivered  to 
the  main  reservoir  will  re-expand  in  the  cyl- 
inder and  occupy  space  that  should  be  filled 
with    fresh    air    through    the    receiving    valves. 


It  seems  clear  that  if  the  stroke  shortens  after 
a  certain  pressure  is  reached  in  the  main  res- 
ervoir there  must  have  been  practically  no 
clearance  in  the  air  cylinder  while  the  air 
pressure  was  low.  When  the  pump  is  started 
up  fast  with  no  pressure  for  the  piston  to 
cushion  on  it  must  strike  the  heads  in  order 
to    stop    its   movement. 

When  a  nut  is  rusted  on  a  bolt,  or  drawn 
so  tight  that  it  cannot  1).-  loosened  with  a 
wrench,  a  hammer  is  generally  used  to  pound 
the  nut  in  order  to  loosen  it  and  when  a 
pump  is  started  in  the  maimer  described  there 
is  no  reason  why  the  pound  of  the  main  pis- 
ton against  the  cylinder  heads  should  not 
loosen  the  nuts  on  the  bottom  of  the  rod,  and 
the  reversing  plate  bolts.  If  the  end  of  the 
rod  is  burred  so  that  the  nuts  cannot  work  off, 
the  piston  will  be  loosened  in  the  air  cylinder. 
It  may  not  occur  the  first  or  the  second  time 
the  pump  is  started  in  this  way,  but  it  will 
eventually  loosen,  and  the  steel  rod  will  soon 
cut  its  way  through  the  cast  iron  head. 

'I  he  us'  of  the  oil  cock  and  strainer  is 
pretty  well  known,  hut  there  seems  to  be  an 
impression  prevailing  in  some  quarters  that 
the  oil  cock  is  a  mere  ornament,  and  that  the 
strainer  is  intended  to  distribute  about  a 
pint  of  engine  oil  evenly  about  the  inner  walls 
of  the  air  cylinder  when  the  pump  is  groan- 
ing. There  arc  several  styles  of  oil  cups  used 
on  the  air  cylinders  of  pumps  some  with  an 
adjustable  feed  and  some  with  a  fixed  feed. 
The  former  may  be  fairly  well  adjusted  to 
feed  the  required  amount  of  oil  but  the  cup 
with  a  fixed  feed  is  very  unsatisfactory,  as  the 
air  cylinder  of  a  pump  in  good  condition  re- 
quires very  little  oil.  while  a  pump  that  is  pretty 
well  worn  requires  much  more.  As  a  result 
of  this  the  cup  with  the  fixed  feed  partly  stops 
up  the  ports  in  the  air  cylinder  of  the  pump 
which  is  in  good  condition,  and  does  not  feed 
enough  to  the  average  pump  to  keep  it  from 
groaning.  The  piston  rod  should  have  a  swab, 
and  when  the  pump  is  oiled  the  swab  should 
be  oiled.  The  swab  will  prevent  dirt  and 
ashes  from  cutting  and  wearing  the  rod,  and 
by  lubricating  the  rod  packing  the  swab  wilt 
save  several  dollars'  worth  of  packing  on 
each   pump  in   the  course  of  a  year. 

If  the  pump  is  run  at  an  excessive  speed 
about  the  first  disorder  will  be  an  overheated 
pump.  This  is  very  expensive.  It  not  only 
reduces   the   capacity   of   the   pump   by  causing 
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the  packing  rings  and  valves  to  leak,  but  scat- 
ters hot  and  burnt  oil  throughout  the  entire 
air  brake  system  unless  the  main  reservoirs 
are  very  large  with  a  good  piping  arrange- 
ment. 

When  once  hot  the  pump  should  be  run  as 
slowly  as  possible  and  kept  oiled.  Cooling 
the  air  cylinder  with  water  is  bad  practice, 
as  the  cylinder  is  not  of  the  same  thickness  all 
the  way  round  and  the  temperature  will  reduce 
unevenly  and  be  likely  to  warp  the  cylinder, 
which  would  necessitate  reboring  before  new 
packing  rings  could  be  fitted,  or  it  may  result 
in  the  cylinder  having  to  be  thrown  on  the 
scrap  pile. 

A  9)/2-in.  air  pump  can  be  run  at  such  a 
high  piston  speed  that  the  lift  of  the  receiv- 
ing valves  will  not  allow  the  cylinder  to  be 
filled  with  air  on  each  stroke.  The  partial 
vacuum  thus  caused  in  the  cylinder  reduces 
its   capacity   each    stroke. 

When  the  speed  of  the  pump  cannot  be  gov- 
ened  by  instruction  or  discipline,  or  regulated 
by  common  sense,  a  copper  gasket  with  a  re- 
duced opening  placed  in  the  steam  pipe  will 
prevent  an  unnecessary  number  of  strokes  per 
minute.  Leaky  air  piston  rings  allow  but  a 
small  volume  of  cool  air  to  flow  into  the  cyl- 
inder, and  the  "churning"  of  air  is  one  of 
the  common  causes  of  a  hot  pump. 

A  blow  through  the  steam  end  of  the  pump 
can  develop  at  a  number  of  places.  About  the 
only  ones  that  can  be  heard  on  the  locomotive 
are  the  top  head  gasket,  the  steam  piston 
packing  rings  and  a  leak  on  the  seat  of  the 
main  slide  valve.  Leaks  past  the  main  valve 
packing  rings,  the  reversing  valve  seat,  and 
past  the  bushings  usually  stop  the  pump.  It 
can  then  be  started  by  tapping  it  lightly,  and 
if  the  feed  of  oil  is  increased  the  pump  may 
not  stop  again  for  several  hours.  When  a 
blow  is  heard  coming  from  the  steam  end  of 
the  pump  it  should  immediately  be  given  at- 
tention. 

If  a  pump  starts  to  pound  after  it  has  been 
in  service  any  length  of  time  and  is  known 
to  be  well  lubricated,  tight  on  the  bracket  and 
the  bracket  tight  on  the  boiler,  the  pound 
usually  comes  from  an  improper  lift  of  air 
valves,  loose  main  pistons  or  lost  motion  in 
the  reversing  gear,  and  should  be  corrected 
at  once  or  the  pound  will  result  in  an  air 
pump  failure.  When  the  pump  is  neglected 
until  it  does  break  down  in  service  very  little 


can  be  done  by  the  engineer  in  an  attempt  to 
repair  it.  Cases  have  occurred  where  the 
nuts  on  the  rod  worked  oft  in  the  air  cylinder 
and  were  replaced  while  on  the  road,  and 
where  a  bent  reversing  valve  rod  has  been  re- 
moved and  straightened,  but  the  nuts  were  not 
put  on  properly  in  the  first  place,  and  if  the 
valve  rod  is  a  neat  fit  through  the  reversing 
valve  bushing  it  cannot  be  removed  without 
taking  off  the  top  head  because  the  plate  ham- 
mers a  shoulder  on  the  rod  in  a  short  time 
after  it  is  put  in,  and,  if  a  fit  at  the  time, 
the  burr  prevents  the  valve  rod  from  being 
pulled  out.  The  burr  can  be  avoided  by  filing 
the  edge  of  the  rod  where  the  plate  strikes  it, 
but  the  repairman  does  not  suppose  that  an 
attempt  will  be  made  to  remove  the  rod  when 
the  engine  is  out  on  the  road. 

Sometimes  a  broken  pump  will  make  a 
stroke  in  both  directions  and  stop  at  the  bot- 
tom end,  and  if  the  steam  is  shut  off  and  the 
reversing  valve  allowed  to  drop  to  its  lower 
position,  and  the  steam  is  again  turned  on, 
the  pump  will  make  another  double  stroke 
and  stop  at  the  bottom  end. 

If  there  is  pressure  in  the  main  reservoir 
and  the  pump  stops  with  a  pound,  it  is  usually 
due  to  a  nut  having  worked  off  the  rod  in  the 
air  cylinder  and  blocked  the  main  piston;  if 
no  pound  can  be  detected  it  indicates  a  broken 
valve  rod  or  a  loose  reversing  plate.  ,  If  the 
pump  stops  at  the  end  of  the  up  stroke  with 
a  pound  it  is  usually  due  to  a  reversing  plate 
bolt  having  worked  out,  although  a  piece  of  a 
broken  air  valve,  or  its  seat  blocking  the  air 
piston,  will  have  the  same  effect.  If  the  pump 
stops  on  the  up  stroke  without  any  noticeable 
pound  the  trouble  is  usually  in  the  top  head. 
When  the  pump  stops  on  account  of  insuffi- 
cient lubrication  it  stops  on  the  up  stroke, 
with  the  main  valve  resting  against  the  cap 
at  the  large  end.  which  would  appear  to  be 
the  proper  place  to  tap  the  pump,  if  neces- 
sary, to  again  start  it. 

The  pump  may  become  "dry"  when  it  is 
not  being  used,  and  the  main  valve  may  have 
stopped  in  the  opposite  position.  Opening  the 
drain  cock  in  the  lower  end  of  the  steam  cyl- 
inder will  show  on  which  stroke  the  pump  has 
stopped. 

When  a  pump  apparently  in  'good  condi- 
tion is  reported  to  be  stopping  out  on  the 
road,  and  is  known  to  be  getting  dry  steam, 
and  that  there  are  no  leaks  in  the  steam  pipe. 
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top  head  gasket  or  in  the  pump  governor 
past  the  steam  valve,  which  would  waste  oil 
through  the  drain  pipe,  it  is  good  policy  to  re- 
place the  top  head  of  the  pump  with  one 
known  to  be  in  good  condition. 

When  the  head  is  renewed  under  these  con- 
ditions, the  packing  rings  in  the  air  cylinder 
should  first  be  tested  by  running  the  pump 
against  an  air  pressure  with  the  bottom  cyl- 
inder head  removed.  The  air  valves  should 
be  examined  and  cleaned  and  the  packing 
rings  in  the  steam  cylinder  tested  after  the 
top  head  has  been  removed. 

This  can  also  be  done  in  case  the  pump  is 
due  to  be  removed  for  inspection  and  repairs 
and  if  there  happens  to  be  no  pump  to  replace 
it.  In  addition  to  removing  the  top  head  to 
inspect  the  gasket  and  reversing  plate,  particu- 
lar attention  should  be  given  to  the  thickness 
of  and  the  opening  at  the  ends  of  the  main 
valve  packing  rings ;  also  to  the  wearing  sur- 
face of  the  slide  valve  and  its  seat  and  to 
the  reversing  valve  and  bushing.  Intelligent 
care  of  the  air  pump  is  often  the  means  of 
avoiding  an  engine  failure. — Railway  and  Lo- 
co in  at  ire  Engineering. 


REFRIGERATION    IN    MINING    WORK 

Mechanical  refrigeration  is  used  for  the 
freezing  of  loose  ground  in  quicksand  soils  to 
facilitate  sinking  colliery  shafts,  in  running 
tunnels,  in  putting  in  foundations  wherever 
the  mass  of  water  is  too  great  to  be  pumped, 
or  in  cases  where  the  removal  thereof  would 
damage  existing  foundations.  It  is,  the  espe- 
cial object  here,  to  consider  the  various  advan- 
tages and  disadvantages  of  refrigeration  under 
special  conditions,  and  also  to  discuss  briefly 
the  different  types  of  refrigeration  used. 

In  a  general  way  excavation  can  be  accom- 
plished by  the  use  of  compressed  air.  Caisson 
work  in  the  laying  of  .foundations  under 
water,  or  in  excavating  tunnels  is  a  typical 
example.  In  nearly  every  case  mechanical 
refrigeration  competes  with  this,  and  it  is 
largely  a  question  of  special  conditions  and 
relative  efficiency  which  determines  the  use 
of  the  one  or  the  other. 

Certain  extreme  cases  in  both  developments 
have  such  a  degree  of  efficiency  that  they 
each  practically  eliminate  the  other  type. 
Thus,  in  excavating  where  there  is  a  compara- 
tively rapid  flow  of  water,  as  in  the  setting  of 
bridge  foundations  or  in  tunnels  under  rivers, 


compressed  air  is  superior  by  reason  of  the 
fact  that  the  rapidly  moving  material  would 
carry  off  a  large  portion  of  the  partially  frozen 
product  and  limit  the  efficiency  of  the  pipes. 

On  tlie  other  hand,  the  depth  at  ■  which 
compressed  air  can  be  used  efficiently  in  ex- 
cavating work  is  dependent  more  upon  physio- 
logical conditions  than  upon  mechanical  or 
engineering  ones.  Beyond  a  certain  depth 
the  air  pressure  under  which  operatives  must 
work  becomes  so  injurious  that  the  shifts  must 
operate  smaller  and  smaller  units  of  time. 
The  necessary  loss  in  compressed  air  during 
the  process  of  shifting  and  in  ventilation, 
which  becomes  more  inefficient  in  practice  with 
higher  pressures,  limits  the  depth  at  which 
cassion  work  can  be  carried  on.  This  limita- 
tion is  not  present  in  refrigeration. 

The  choice  of  the  two  processes  becomes 
largely  a  matter  of  judgment  of  the  special 
conditions.  In  the  case  of  quicksand  in  a 
well,  a  coil  of  pipes  of  a  somewhat  larger 
internal  diameter  than  the  lining  of  the  well 
is  usually  sunk,  and  the  quicksand  frozen  by  a 
circulation  of  cold  brine  through  the  coil.  The 
necessary  excavation  can  then  be  proceeded 
with,  and  as  soon  as  the  lining  is  put  in,  the 
circulation  of  brine  is  stopped  and  the  coil 
withdrawn.  Facility  in  the  withdrawal  of  the 
coil  is  often  accomplished  by  the  injection  of 
steam  to  render  liquid  again  the  material  in 
the  immediate  vicinity.  This  process  is  effi- 
cient in  small  units  and  is  superior  to  the 
utilization  of  compressed  air  in  the  illustra- 
tion given  above. 

Very  small  refrigerating  machines  of  a 
special  portable  character  are  available  for 
this  work,  and  the  construction  of  the  freez- 
ing coils  and  their  utilization  is  not  a  matter 
of  serious  difficulty.  In  tunneling  the  same 
type  of  machine  can  be  used,  but  other 
methods  have  been  employed.  The  same  can 
be  said  in  regard  to  the  sinking  of  shafts 
through  subterranean  water  beds  and  quick- 
sand. 

There  are  three  processes  available  for  re- 
frigeration in  this  development.  The  one, 
which  has  been  mentioned,  is  very  satisfactory 
for  small  work  in  excavation  of  any  kind, 
but  is  superior  in  vertical  shafts.  Another 
uses  a  cold  air  blast.  This  is  often  done  in 
the  driving  of  horizontal  tunnels,  and  although 
fairly  efficient,  the  process  has  been  super- 
seded to  a  large  extent  by  the  hydraulic  press 
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operation  in  which  a  moveable  shield  or  piston 
is  forced  forward  by  hydraulic  pressure  and 
the  plates  fastened  on  the  interior  of  this 
piston  inside  of  a  sleeve  which  is  slightly 
larger  than  the  diameter  of  the  finished  tunnel. 

When  cold  air  was  used  it  was  generally 
produced  by  an  amonia  compression  refriger- 
ating machine,  since  the  ordinary  air  com- 
pression machine  producing  refrigeration 
by  the  balanced  expansion  of  the  compressed 
air  is  very  inefficient.  The  air  was  then  driven 
into  the  shaft  through  an  inner  tube,  much 
like  an  ordinary  hot  blast,  and  the  residual  air 
was  carried  out  between  this  tube  and  the 
walls  of  the  tunnel.  Sometimes  a  portable  par- 
tition was  built  across  the  tunnel,  and  the  air 
of  the  interior  cooled  steadily  by  an  iron  coil 
inserted  in  the  chamber  and  through  which 
a  cold  brine  was  passed  or  in  which  am- 
monia was  evaporated. 

During  the  construction  of  a  tunnel  for  foot 
passengers  through  a  hill  near  Stockholm  re- 
cently, this  method  was  employed  for  driv- 
ing through  about  80  ft.  of  loose  ground 
which  possessed  so  little  cohesion  as  to  ren- 
der the  ordinary  method  of  excavation  im- 
possible. After  the  refrigerator  was  run  con- 
tinuously for  60  hours  the  ground  was  frozen 
to  a  depth  varying  from  5  ft.  near  the  bottom 
to  1  foot  near  the  top.  Under  these  circum- 
stances the  tunnel  could  be  excavated  during 
the  day  and  the  refrigeration  carried  on  at 
night  sufficient  to  permit  steady  progress  with 
an  operation  of  the  machine  ranging  from  10 
to  12  hours  per  day. 

In  sinking  shafts  for  mining  operations  the 
Poetsch  process  is  the  most  widely  known.  In 
its  original  utilization  the  Poetsch  process  was 
used  to  reach  a  coal  bed  under  a  considerable 
body  of  subterranean  water.  This  heavy  sheet 
of  water  gave  from  a  single  borehole  a  flow 
of  36,000  cu.  ft.,  which  rose  about  6  ft.  above 
the  surface.  A  stand-pipe  was  built  to  stop 
this  flow,  but  it  was  necessary  finally  to  di- 
vert the  water  in  order  to  sink  the  shaft.  The 
process  proved  satisfactory  in  this  particular 
development  and  the  shaft  was  sunk  to  about 
350  ft.,  with  freezing  necessary  a  large  part 
of  the  way. 

However,  the  device  as  it  existed  in  the 
early  days  possessed  many  mechanical  imper- 
fections, with  the  result  that  its  deterioration 
factor  was  large,  and  the  cost  of  the  original 
excavation  about  $160  per   ft. 


One  or  two  modifications  of  the  Poetsch 
process  exist  today,  with  the  object  of  mak- 
ing the  device  more  efficient,  but  they  are  all 
of  the  same  general  type. 

In  driving  a  circular  shaft  the  device  con- 
sists of  a  series  of  vertical  pipes  arranged 
around  the  circumference  of  a  circle.  These 
pipes  are  closed  at  the  bottom,  with  an  in- 
terior pipe  extending  from  the  top  into  the 
outer  one  to  produce  a  steady  flow  of  the  re- 
frigerating material  throughout  the  entire 
length   of  the  pipe. 

In  this  respect  the  pipes  are  similar  in  con- 
struction to  several  modern  types  of  steam 
superheaters  used  for  injection  into  a  fur- 
nace, and  their  operation  analogous  but  re- 
versible. These  vertical  shafts  are  connected 
by  hollow  spokes  to  a  central  receiving  cham- 
ber for  the  ammonia  gas,  divided  into  two 
parts,  forming  receivers  for  the  inflowing 
liquid  ammonia  and  the  outflowing  ammonia 
gas,  if  ammonia  is  used,  or  for  the  inflowing 
and  outflowing  brine,  if  cold  brine  is  the  re- 
frigerating agent.  This  whole  device  is  then 
attached  to  a  windlass  or  hoist  and  sunk  into 
the  shaft.  Arrangements  for  cutting  out  in- 
dividual spokes  or  vertical  pipes  are  attached 
and  the  two  pipes  at  the  top  from  the  central 
chamber  are  connected  to  a  refrigerating  ma- 
chine. The  device  is  then  sunk  into  the  quick- 
sand, or  water,  or  loose  dirt,  and  the  refrig- 
eration commenced.  When  frozen  solid  a 
number  of  the  spokes  are  disconnected  and 
removed,  and  the  interior  of  the  shaft  ex- 
cavated. Lining  is  then  put  in  partially  be- 
tween the  spokes  and  the  machine  driven  down 
farther,  the  lining  being  completed  above  the 
device.  On  attaining  the  lowest  depth  the 
machine  can  be  removed  piecemeal  and  the 
lining  completed  if  desired,  or  necessary. — 
Condensed  from  Mining   World. 


A  continuous  railway  brake  has  been  de- 
vised by  Messrs.  Siemens,  in  which,  while  the 
brakes  are  applied  as  usual  by  compressed  air, 
the  valves  are  controlled  electrically,  and  sim- 
ultaneously, so  as  to  avoid  the  dangerous 
shocks  experienced  under  ordinary  conditions. 
The  controlling  wires  are  combined  with  the 
air  pipes  in  such  a  way  that  a  single  coupling 
suffices  to  complete  both  the  pneumatic  and 
the  electric  connections  between  successive 
trucks. 
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COST  OF  VENTILATION  PER  TON  OF 
COAL  MINED 

Pennsylvania  anthracite  mines  are,  as  a  rule, 
decidedly  gaseous,  and  to  remove  the  gases 
thus  generated  in  the  workings,  the  fans  must 
be  run  day  and  night  regardless  of  whether 
coal  is  being  mined  or  not;  this  causes  the 
item  of  ventilation  to  be  a  constant  source  of 
expense.  All  air  courses  have  to  be  carefully 
inspected  before  the  miners  are  permitted  to 
enter  the  workings.  If  there  is  a  leakage 
along  .any  airway  the  current  will  be  short- 
circuited  to  the  up-cast.  To  prevent  such  de- 
fects in  the  ventilation  a  force  of  bratticemen 
are  employed  to  inspect  brattice  walls,  adjust 
doors,  build  stoppings,  etc. 

In  mines  such  as  are  operated  in  the  Wyom- 
ing and  Lackawanna  valleys,  the  care  given  to 
ventilation  is  constant,  for  it  is  a  matter  of 
vital  importance  and  safety  to  the  men  under- 
ground. The  cost  of  maintaining  an  efficient 
ventilating  system  is  high.  The  charges 
against  ventilation  are  made  up  as  follows: 
(i)  Amount  of  steam  used  per  month;  (2) 
interest  and  depreciation  on  the  fan  and  its 
drive;  (3)  oil,  grease,  waste,  etc.,  used  on  the 
ventilating  apparatus;  (4)  materials  used  in 
building  the  stoppings,  brattice,  etc.;  (5) 
wages  of  brattice  men  and  engineer.  The  total 
of  all  these  items  amounted  to  the  following 
at  one  colliery : 

$0,047  per  ton  of  coal  mined  in  1902 
0.049  per  ton  of  coal  mined  in  1903 
0.072  per  ton  of  coal  mined  in  1904 
0.082  per  ton  of  coal  mined  in  1905 
0.078  per  ton  of  coal  mined  in  1906 
0.081  per  ton  of  coal  mined  in  1907 
Engineering  and  Mining  Journal. 


A  SUBMARINE  SPONGE  FISHING 
BOAT 

In  a  recent  issue  of  La  Nature  is  described 
a  special  submarine  contrivance  designed  by 
the  Abbe  Raoul.  a  vicar-general  of  the  dio- 
cese of  Carthage,  to  be  used  in  the  sponge 
fishing  along  the  coast  of  Tunis. 

The  vessel  is  cylindrical  with  hemispherical 
ends.  It  is  \6V2  ft.  long  by  5  ^  ft.  diameter, 
displacing  in  salt  water  about  9V2  tons,  and  is 
operated  easily  from  within  by  two  men. 
The  weight  necessary  for  complete  submer- 
sion is  provided  by  three  tanks  holding  140 
gallons.  Two  of  these  are  constantly  full  of 
water  while  the  third,  smaller  than  the  others, 


placed  in  the  center,  is  filled  by  the  water 
pressure  for  descending  and  the  water  is  ex- 
pelled by  compressed  air  when  it  is  desired 
to  rise  to  the  surface.  A  leaden  safety  weight 
attached  to  the  bottom  may  be  released  in 
case  of  necessity,  when  the  boat  will  rise 
rapidly. 

It  is  propelled  by  two  oars  of  steel,  fitted 
with  slats  which  open  when  moved  through 
the  water  in  one  direction  and  close  when 
drawn  the  other  way.  They  have  spherical 
joints  in  the  shell  so  that  they  may  be  moved 
in   all   directions. 

The  fishing  apparatus  consists  of  a  rod 
projecting  from  the  bow  through  a  spherical 
universal  joint.  This  rod  bears  at  its  end  a 
pair  of  cutting  pliers  which  detach  the  sponge, 
hold  it  and  deposit  it  in  a  basket  suspended 
just  above  it.  The  sea  bottom  is  lighted  by 
a  cluster  of  electric  lamps  and  the  fishermen 
observe  operations  through  strong  windows. 
Electricity  for  illumination  is  furnished  by  a 
storage  batter}',  and  there  is  a  telephone  com- 
municating  with    the    surface. 


A   NEW  TOUCH  OF  COMPRESSED  AIR 
IN  DENTISTRY 

The  porcelain  inlay  has  been  known  in  den- 
tistry for  a  little  more  than  fifteen  years,  and 
during  this  entire  period  dentists  have  been 
endeavoring  to  find  some  method  of  adapting 
the  process  to  gold,  which  is  the  only  known 
material  suitable  for  filling  a  tooth  at  the  bit- 
ing edge,  being  malleable  and  ductile,  while 
porcelain  is  brittle  and  breaks  under  pressure. 
It  has  now  become  possible  to  use  the  gold  in- 
lay, by  means  of  which  the  patient  is  relieved 
of  any  but  the  least  handling  of  a  tooth  under 
treatment,  after  the  cavity  has  been  prepared 
for  the  gold  that  is  to  fill  it.  Instead  of  ham- 
mering in  the  gold,  as  was  the  only  process 
until  a  few  months  ago,  the  dentist  now  takes 
a  wax  impression  of  the  cavity,  from  which  he 
constructs  a  mold  into  which  the  gold  is 
poured  in  a  molten  state,  the  resulting  cast 
being  the  inlay,  and  of  course  a  facsimile  of 
the  wax  model.  The  inlay  is  slipped  into  the 
cavity,  which  it  fits  exactly,  and  is  secured 
with  cement.  It  was  found  impossible,  how- 
ever, to  cast  a  gold  inlay  that  would  not  shrink 
until  the  present  process  was  perfected  where- 
by pressure  is  applied  to  the  metal  in  the  mold 
by  means  of  compressed  air. 
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COMPRESSED  AIR  LEAKAGE 

Those  who  read  the  letter  of  Mr.  Tecumseh 
Swift  on  the  above  topic  in  our  April  issue, 
(and  all  should  have  read  it)  will  be  inter- 
ested in  the  following,  which  fully  explains 
itself.  It  is  from  the  second  quarterly  issue 
of  Reactions,  published  by  Goldschmidt  Ther- 
mit Company.  We  would  only  ask  Reactions 
to  tell  us  of  any  compressed  air  pipe  line 
which  has  been  welded  and  made  air  tight  by 
the  Goldschmidt  Thermit  process.  The  article 
referred  to  is  here  reproduced  in  full : 

According  to  a  reader  of  the  monthly 
magazine  Compressed  Air,  we  are  guilty  of 
the  crime  of  manufacturing  facts  and  figures 
to  make  our  process  of  pipe  welding  appear 
in  a  favorable  light.  The  gentleman  in  ques- 
tion, whose  name  is  Tecumseh  Swift,  quotes 
our  article  at  length  and  comments  on  it  as 
follows  : 

"The  animus  of  this,"  (our  facts  and  fig- 
ures) "appears  in  the  last  sentence  of  the 
article  :" 

'It  is  to  counteract  these  losses  that  many 
concerns  are  now  butt-welding  the  pipe-joints 
in  their  compressed  air  and  refrigerating  pipe 
lines,  thus  producing  a  continuous  line  of  pipe 
in  which  leakage  is  entirely  impossible  and 
the  cost  of  maintenance  eliminated.' 

'Now,  as  to  the  loss  by  leakage.  I  have  rea- 
son to  believe  that  the  above  assumptions  are 
exaggerations  and  that  it  is  not  so  difficult 
nor  so  unusual  as  here  represtnted  to  make 
piping  airtight.  The  capacity  of  the  usual  air 
receiver  represents  about  one  minute's  out- 
put of  the  compressor  with  which  it  is  asso- 
ciated, and  the  piping  capacity  will  not  aver- 
age any  more  than  that  of  the  receiver,  or  al- 
together it  might  be  said  that  two  minutes' 
working  of  the  compressor  would  fill  the  en- 
tire system  from  atmosphere  up  to  full  work- 
ing pressure,  and  then  when  the  compressor 
is  stopped  at  night  and  in  the  morning  the  air 
pressure  is  still  found  there,  which  is  the  not 
infrequent  occurrence,  it  is  easier  to  realize 
how  little  air  has  leaked  away  than  how 
much.' 

'A  handy,  cheap  and  reliable  welding  pro- 
cess, which  Thermit  undoubtedly  is,  would,  for 
compressed  air  practice,  need  to  be  accom- 
panied by  an  equally  handy,  cheap  and  reli- 
able umvelding  process,  for  all  air  piping  is 
not  permanently  installed,  and  the  butt-weld- 
ing of  straight  piping  would  not  in  any  case 
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eliminate  the  possible  leakage,  which  occurs 
not  in  the  run  of  the  pipe,  but  in  valves,  stuff- 
ing boxes  and  other  places  where  Thermit 
would  not  apply.'" 

Now,  we  do  not  know  who  Mr.  Tecumseh 
Swift  may  be,  or  what  his  qualifications  are 
to  pose  as  an  expert  in  compressed  air  mat- 
ters, but  we  are  quite  sure  that  we  have  some 
excellent  reasons,  backed  up  by  excellent  au- 
thorities, for  disagreeing  with  him.  Taking 
first,  his  statement  that  our  estimate  of  the 
amount  of  leakage  in  a  compressed  air  plant 
is  exaggerated,  we  wish  to  quote  the  follow- 
ing from  an  article  appearing  in  the  April 
23rd  issue  of  the  American  Machinist,  page 
633 :  "A  coal  company  told  an  erecting  en- 
gineer that  one  of  his  firm's  compressors 
which  had  been  running  some  time,  was  not 
delivering  its  rated  capacity.  The  machine 
was  rated  at  44  cubic  feet  per  revolution ;  its 
normal  speed  was  70  revolutions  per  minute, 
thus  giving  a  free  air  capacity  of  3,080  cubic 
feet  per  minute.  The  compressed  air  was 
used  mostly  for  driving  pumps.  From  figur- 
ing the  capacity  of  the  air  cylinders  of  the 
pumps,  one  of  the  coal  company's  men  had 
concluded  that  the  compressor  was  not  pump- 
ing nearly  its  rated  capacity.  The  erecting 
engineer  got  permission  to  make  a  test.  One 
Sunday  the  pumps  were  all  shut  off  and  it 
was  found  that  it  required  32  revolutions  per 
minute  of  the  compressor  to  keep  the  air  pres- 
sure up  to  80  pounds ;  thus  showing  a  leakage 
of  1,400  cubic  feet  of  free  air  per  minute,  re- 
quiring at  the  steam  end  of  the  compressor 
about   120  indicated  horse-power." 

The  above  is  from  an  article  prepared  by 
Mr.  H.  V.  Haight,  Chief  Engineer  Canadian 
Rand  Co.,  and  Mr.  B.  C.  Batcheller,  Chief 
Engineer  of  the  Pneumatic  Service  Co.,  in 
which  they  recommend  the  use  of  special  fit- 
tings  for   high   pressure   air    installations. 

We  do  not  doubt  that  there  are  some  plants 
where,  as  Mr.  Swift  states,  leakage  is  re- 
duced to  a  minimum,  but  we  were  speaking  of 
the  average  plant,  where,  as  a  general  rule, 
very  little  care  is  exercised  in  fitting  up  the 
pipe  line. 

Now,  in  regard  to  Mr.  Swift's  statement, 
that  a  "handy,  cheap  and  reliable  welding  pro- 
cess" should  be  "accompanied  by  an  equally 
handy,  cheap  and  reliable  unwelding  process;" 
we  claim  again,  that  he  misinterprets  the  gen- 
eral tenor  of  our  remarks.    While  we  were  not 


speaking  of  the  special  installation  with  white 
enamel  machinery  and  nickel  plated  fittings, 
neither  were  we  speaking  of  temporary  plants, 
like  contractors'  plants,  which  are  constantly 
undergoing  changes.  We  believe  that  there 
are  a  large  proportion  of  plants  in  this  coun- 
try where  compressed  air  is  used,  and  where 
the  piping,  once  installed,  will  remain  in  place. 
At  least  it  should  be  the  object  of  a  plant  to 
place  the  piping  so  that,  when  once  installed, 
it  will  not  require  to  be  changed.  The  joints 
could  then  be  welded,  and  a  considerable  sav- 
ing effected  in  the  cost  of  leakage,  which 
would  be  limited  to  valves  and  cocks  which 
are  very  easily  made  tight. 


THE  DRILL  CONTEST  ON  THE  RAND 

Those  who  read  the  account  in  our  May 
issue  of  the  South  African  Mines  Drilling 
Contest  will  be  interested  in  the  following 
letter  addressed  to  the  editor  of  the  Mining 
and  Scientific  Press  in  correction  of  certain 
misconceptions    of   a   correspondent: 

Sir — In  your  issue  of  March  28  there  ap- 
peared a  letter  on  this  subject  written  by  one 
who  signs  himself  "Mine  Manager."  The  gen- 
tleman appears  to  have  overlooked  the  fact 
that  40  per  cent,  of  the  holes  drilled  in  the 
South  African  stope-drill  contest  were  upcast 
holes.  He  says :  "The  entire  contest  was 
based  on  drilling  inclined  holes  in  a  perpen- 
dicular face."  This  is  not  true,  for  out  of 
the  whole  four  days  which  each  drill  had  to 
run,  not  over  an  hour  was  spent  by  any  com- 
petitor in  drilling  inclined  holes  in  a  vertical 
face.  This  is  certainly  a  very  small  part  of 
the  four  days,  and  furthermore  the  inclined 
holes  in  question  were  upcast  and  not  down- 
cast holes. 

The  conditions  of  the  contest  were  fixed  by 
a  joint  committee  (of  which  the  writer  had 
the  honor  of  being  a  member)  consisting  of 
mine  managers,  engineers,  and  drill-manufac- 
turers. Every  effort  was  made  to  make  the 
conditions  equally  fair  for  every  type  of  drill 
and  at  the  same  time  to  prove  the  relative  drill- 
ing power  of  each  type  under  the  different 
mining  conditions  found  in  the  numerous 
mines  of  the  Rand.  The  entries  included  six 
drills  of  the  percussive  type,  three  of  the 
hammer  type  with  air  feed,  one  hammer  drill 
with  a  screw  feed,  and  two  of  the  Gordon 
type. 

It  was  on  just  such  upcast  holes  as  "Mine 
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Manager"  considers  ideal  that  the  winning 
drill,  the  Gordon,  did  more  than  double  the 
work  of  any  other  competitor.  Numerous  rules 
were  made  in  order  that  no  question  might 
arise  as  to  the  justice  of  the  results,  but  the 
main  points  were  as  follows :  All  holes  must 
be  over  36  in.  deep;  all  holes  must  bottom 
or  finish  large  enough  to  take  the  standard 
sticks  of  explosive;  all  holes  were  to  be  drilled 
approximately  as  indicated  by  the  judges  be- 
fore the  work  started. 

Each  day's  work  on  the  surface  consisted 
in  drilling  for  one  hour  in  each  of  the  test 
blocks,  three  hours  being  spent  on  downcast 
holes  and  one  hour  on  flat  and  upcast  holes. 
Underground,  one  day  was'  spent  on  drilling 
downcast  holes  in  an  overhand  stope  and  one 
day  in  drilling  upcast  holes  in  an  underhand 
stope.  L.   C.  Bayles. 


AN    INTERNATIONAL    CONGRESS    OF 
REFRIGERATING   INDUSTRIES 

Announcement  is  made  of  the  first  Interna- 
tional Congress  of  the  Refrigerating  Indus- 
tries, to  be  held  in  Paris,  September  17  to  23, 
The  French  committee  has  invited  other  coun- 
tries to  participate.  The  United  States  Gov- 
ernment has  accepted  the  invitation,  and  dele- 
gates will  be  appointed  to  represent  this  Gov- 
ernment. An  American  committee  has  been 
formed  in  part,  having  the  following  officers : 
President,  Homer  McDaniel,  Cleveland,  Ohio ; 
vice-president,  John  E.  Starr,  258  Broadway, 
New  York ;  treasurer,  John  S.  Field,  Chicago, 
111.;  Secretary,  J.  F.  Nickerson,  315  Dearborn 
street,  Chicago,  111.  The  purpose  of  the  con- 
gress is  to  bring  together  the  leading  experts 
and  representatives  of  the  various  industries 
and  enterprises  in  all  countries  in  which  re- 
frigeration is  used  for  facilitating  the  preser- 
vation and  transportation  of  food  products. 
The  congress  is  divided  into  six  sections,  as 
follows :  Section  1,  Low  Temperatures  and 
Their  General  Effects ;  Section  2,  Refrigerat- 
ing Appliances ;  Section  3,  The  Application  of 
Refrigeration  to  Food ;  Section  4,  The  Appli- 
cation of  Refrigeration  to  Other  Industries ; 
Section  5,  The  Application  of  Refrigeration 
in  Commerce  and  Transportation ;  Section  6, 
Legislation.  Arrangements  have  been  made 
for  a  documentary  exhibit  and  a  display  of 
plans,  models  and  small  appliances.  American 
manufacturers  are  invited  to  send  exhibits.  Of 
these,  particulars  may  be  obtained  from  the 
secretary  of  the  American  committee. 


THE  SAND   BLAST  IN  THE  FOUNDRY* 

CLEANING   CASTINGS. 

On  the  subject  of  cleaning  castings,  it  may 
be  said  that,  until  quite  recently,  this  work  has 
been  done  by  means  of  pickling  and  tumbling, 
both  of  these  methods  are  well  known  and  re 
liable,  but  more  recently  there  has  been  a 
strong  demand  for  cleaning  by  means  of  the 
sand   blast. 

It  is  thought  by  many  that  a  sand  blasted 
surface  will  hold  paint  more  firmly  than  the 
surface  cleaned  by  pickling.  Some  two  years 
ago,  our  attention  was  called  to  the  use  of 
sand  blast  tumbling  barrels.  These  are  adapt- 
ed to  cleaning  comparatively  small  castings. 

SAND    BLAST. 

This  apparatus  includes  a  supply  of  com- 
pressed air  at  15  to  20  pounds  pressure  and  an 
elaborate  exhaust  system  for  the  continuous 
supply  of  sand  and  for  the  removal  of  fine 
dust.  This  fine  dust  has  been  difficult  to 
control,  but  this  has  finally  been  accomplished 
by  passing  it  through  a  wet  scrubber,  as  it  is 
called.  This  scrubber  consists  of  a  stack  or 
trunk  about  7  feet  square  and  25  feet  high. 
This  stack  stands  in  a  water-sealed  base  and 
is  fitted  with  a  series  of  wooden  racks  or 
slats,  over  which  a  flow  of  water  is  circulated 
by  means  of  a  centrifugal  pump.  These  racks 
are  so  placed  as  to  break  up  the  passage  of 
air  through  them.  They  offer  a  very  large 
area  of  wet  surface  to  the  dust- laden  air,  and 
in  passing  through  them  the  dust  is  practically 
all  deposited  on  the  wet  racks' and  is  washed 
to  the  bottom,  from  which  it  is  removed  from 
time  to  time.  This  wet  scrubber  receives  the 
dust,  not  only  from  the  sand  blast  barrels,  but 
also  from  the  regular  tumbling  mills  and, 
while  it  is  not  strictly  speaking  an  essential 
part  of  either,  the  total  amount  of  dust  dis- 
charged is  so  great  as  to  constitute  a  serious 
nuisance  if  blown  into  the  open  air  and, 
except  in  any  isolated  situations,  some  effi- 
cient dust  separating  device  must  be  provided. 

The  work  done  by  the  sand  blast  barrels 
is  very  satisfactory  in  both  quality  and  quan- 
tity, and  the  direct  labor  cost  is  no  more  than 
the  cost  with  ordinary  tumbling  barrels,  but 
the  cost  of  installation  and  the  cost  of  main- 
tenance are  both  high.    The  installation  of  the 


*From  a  paper  by  W.  T.  Hatch,  May  Meet- 
ing N.  E.  Foundrymen's  Association. 


4954 


COMPRESSED  AIR. 


sand  blast  barrels  must,  therefore,  be  justified 
by  quality  of  the  work  done,  rather  than  by 
its  cost. 

SANII     HI.  AST     FOR     LARGE    CASTINGS. 

During  the  past  year,  the  question  of  ap- 
plying the  sand  blast  to  machine  frames  .and 
other  castings  too  large  for  the  barrels  was 
taken  up — after  repeated  postponements  on 
account  of  the  dust  nuisance,  which,  within 
the  writer's  observation,  has  more  than  bal- 
anced   its   advantages. 

The  question  was  not  as  to  the  merit  of  the 
sand  blast,  but  as  to  the  feasibility  of  taking 
eare  of  its  dust  and  dirt,  and  operating  it 
under  fairly  comfortable  conditions  for  the 
operator.  The  arrangement  of  this  installa- 
tion will  be  of  interest,  because  we  have  made 
it  successful  to  this  extent. 

The  sand  blasting  is  done  in  a  room  built 
within  the  cleaning  room  proper.  This  room 
is  15  feet  square  and  8  feet  high.  The  work 
to  be  cleaned  is  suspended  from  an  overhead 
tramrail   with   an    electric  hoist 

A  slot  in  the  roof  of  the  room  allows  for 
the  proper  placing  of  the  piece  to  be  sand 
blasted,  and  the  roof  of  the  room  protects  the 
hoist  from  any  injury.  The  room  is  ventilated 
by  means  of  a  Sturtevant  steel  plate  exhauster 
with  18-inch  suction  and  discharge  connec- 
tions. This  exhauster  is  run  at  1,260  revolu- 
tions per  minute,  and  gives  a  free  circulation 
of  air  through  the  room.  Air  is  admitted  to  the 
room  from  the  opposite  side  and  as  near  to  the 
operator  as  possible.  The  intention  is  to  sup- 
ply the  operator  with  ample  fresh  air  and  to 
draw  the  dust  away  from  him.  The  space 
between  the  operator  and  the  dust  outlet  on 
the  opposite  side  of  the  room  is  some  10  feet, 
and  gives  time  for  the  sharp  sand  to  fall  to 
the  floor,  so  that  only  the  light  floating  dust  is 
drawn  out  of  the  room.  The  sand  can  thus  be 
easily  shoveled  up  and  used  over  repeatedly. 
The  dust  is  discharged  through  a  wet  scrub- 
ber, similar  in  principle  to  the  one  used  for 
collecting  the  dust  from  the  sand  blast  and 
other  tumbling  barrels.  The  fitting  up  of  this 
sand  blasting  room,  including  its  exhauster, 
its  motor  and  wet  scrubber,  has  been  quite 
an  expense,  to  say  nothing  of  the  power  re- 
quired to  operate  the  sand  blast  and  the 
exhauster ;  still  the  quality  and  quantity 
of  work  done  with  this  apparatus  are 
very  satisfactory,  and  if  it  be  admitted 
that   sand  blasting  is  necessary,  I   believe  our 


installation  must  be  considered  a  success.  As 
in  the  case  of  the  sand  blast  barrels,  however, 
the  cost  of  the  installing,  operating  and  main- 
taining the  sand  blast  apparatus  is  high,  and 
the  quality  of  the  work  done,  rather  than  its 
cost,  must  be  the  reason  for  its  adoption. 


REPAIRING  A  SIX   FOOT  STEEL  MAIN 
UNDER  THIRTY  FEET  OF  WATER* 

The  pipe  repaired  supplies  Jersey  City  with 
water.  The  portion  under  the  Hackensack 
River  is  11-16  in.  riveted  steel  pipe  6  feet  in 
diameter.  When  this  pipe  was  placed  it  was 
brought  to  the  river  bank  in  about  28  ft. 
lengths  each  made  up  of  four  sheets.  These 
were  connected  upon  a  staging  carried  across 
the  river  on  floats.  The  pipe  as  connected  was 
enclosed  in  reinforced  concrete  rings,  which 
were  made  in  forms  and  then  slipped  over 
the  pipe  and  afterwards  grouted,  thus  mak- 
ing a  continuous  concrete  covering,  the  weight 
of  the  whole  being  just  sufficient  to  sink  it. 
This  completed  pipe  was  then  sunk  in  a  level 
trench  which  had  been  dredged  in  the  bottom 
of  the  river.  Shortly  after  the  pipe  was  low- 
ered and  filled  with  water  and  before  the  ends 
were  connected  to  the  line  it  was  discovered 
that  a  break  had  occurred  and  it  was  decided 
to  build  bulkheads  at  each  end,  force  the 
water  out  by  air  pressure  and  make  an  ex- 
amination from  the  inside.  It  was  discovered 
that  a  plate  had  parted,  making  an  opening 
about  seven-eighths  of  the  circumference  of 
the  pipe,  the  widest  opening,  2,y2  in.,  being  at 
the  bottom.  This  was  repaired  by  putting  a 
complete  ring  of  steel  plate  inside  the  pipe. 
The  ring  was  made  of  five  plates  and  secured 
in  place  by   stud  bolts. 

A  year  or  so  later,  or  in  1904,  another  break 
in  this  pipe  revealed  itself  by  the  sound  of  the 
rush  of  water  which  was  plainly  audible  when 
passing  over  the  river  in  a  boat.  A  diver 
could  discover  nothing  of  the  leak  but  the 
noise ;  the  leakage,  however  increased  until  the 
loss  was  between  five  and  six  million  gallons 
daily. 

In  the  fall  of  1907  a  diver  again  employed 
reported  that  the  stream  coming  from  the  pipe 
was  of  sufficient  velocity  and  volume  to  force 
his  body  to  one  side  when  he  passed  in  front 


*Abstracted  from  a  paper  by  A.  W.  Cud- 
deback  read  before  the  American  Water 
Works    Association. 
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of  it;  that  there  was  a  hole  in  the  concrete 
covering  on  the  side  of  the  pipe  about  10  in. 
square,  and  that  the  velocity  was  so  great  that 
he  could  not  feel  of  the  pipe  to  determine 
the  character  of  the  injury  to  the  steel  plates. 
The  diver's  description  of  the  leak  and  the 
quantity  of  water  being  lost  was  evidence 
enough  that  repairs  should  be  made  at  once. 

A  compressed  air  plant  of  sufficient  capacity 
to  handle  the  job,  together  with  the  necessary 
boiler  power  to  operate  it,  was  secured  and  set 
up  on  the  west  bank  of  the  river.  At  about 
400  ft.  west  from  the  break  a  48-in.  tee  had 
been  placed  in  the  line  when  it  was  built,  with 
a  main  line  48-in.  valve  on  either  side  of  it  and 
a  48-in.  valve  on  the  tee;  also  a  main  line  48- 
in.  valve  on  the  east  side  of  the  river.  This 
afforded  means  of  getting  into  the  pipe  with- 
out cutting  the  main  line.  An  air  lock  was  ob- 
tained and  fitted  to  the  flange  of  the  valve  in 
the  tee,  the  plant  set  up  and  got  in  working 
order.  About  200  ft.  east  of  the  48-in.  branch, 
which  afforded  a  means  of  entering  the  pipe, 
and  therefore  200  ft.  nearer  the  river  and  the 
break,  was  a  manhole.  As  soon  as  the  pres- 
sure was  off  the  main  line  the  cover  was  re- 
moved from  this  manhole,  and  another  cover 
which  had  been  previously  fitted  with  a  3-in. 
tapped  opening,  through  which  a  3-in.  nipple 
was  screwed,  was  put  on  in  its  place.  From 
this  manhole  a  line  of  3-in.  screw  wrought- 
iron  pipe,  which  had  been  previously  prepared 
in  suitable  lengths,  was  then  connected  and 
carried  down  the  72-in.  pipe  toward  the  break 
as  the  water  was  forced  out  of  the  72-in.  pipe 
through  the  break  by  the  pressure  of  the  air. 
This  3-in.  pipe  acted  as  a  discharge  for  the 
water  after  the  break  had  been  stopped  up, 
and  no  more  water  could  be  forced  out  that 
Avay,  and  proved  of  sufficient  capacity. 

On  Dec.  1,  1907,  the  first  move  toward  get- 
ting into  the  pipe  to  determine  the  nature  of 
the  break  was  made.  The  main  line  valve  on 
either  side  of  the  river  was  shut  down,  thus 
isolating  the  river  crossing,  which  is  about 
1,000  ft.  in  length.  These  valves  were  finally 
closed  at  about  2  P.  M.  After  these  valves 
were  closed  the  48-in.  valve  on  the  branch  was 
opened  and  as  much  water  allowed  to  run  out 
this  section  of  pipe  through  the  airlock  as 
would  do  so.  Then  the  airlock  was  closed  and 
the  air  compressor  was  started.  No  difficulty 
was  met  in  forcing  out  the  water  until  it  got 
to  such  a  level  in  the  pipe  that  the  air  would 


escape  through  the  top  of  the  break.  As  soon 
as  this  point  was  reached  the  air  escaped  with 
such  rapidity  that  no  further  progress  could 
be  made  toward  forcing  out  the  water.  Sev- 
eral schemes  were  tried  before  it  was  finally 
possible  to  plug  up  the  crack  sufficiently  to 
hold  the  air  and  force  out  the  rest  of  the 
water.  It  being  in  the  winter  time,  it  was 
exceedingly  unpleasant  to  wade  in  water  up  to 
one's  neck  and  by  hand  plug  up  the  crack  with 
clay.  Large  quantities  of  waste  and  gasket 
yarn  were  floated  out  on  boards  in  the  pipe 
and  the  crack  partially  plugged  in  this  way, 
but  this  method  was  found  to  be  slow  and  un- 
satisfactory. Finally  the  foreman  in  charge 
of  the  work  waded  out  in  the  water  in  a  div- 
er's suit  and  succeeded  in  plugging  up  the 
crack  with  clay,  after  which  there  was  no 
further  difficulty  in  forcing  out  the  water  suffi- 
ciently to  allow  men  to  enter  and  examine  the 
pipe  thoroughly.  It  was  discovered  that  the 
pipe  had  cracked  about  three-fifths  of  the  way 
around,  the  crack  being  on  top  and  open  at 
its  widest  part  from  V&  in.  to  ^4  in.  This 
work  took  all  Sunday  afternoon,  Dec.  1,  all 
day  Monday,  the  2d,  and  up  to  2 130  P.  M. 
on  the  3d,  when  it  was  possible  to  make  an  ex- 
amination and  determine  the  nature  of  the 
rupture  in  the  pipe.  At  this  time  Jersey  City 
was  getting  short  of  water  and  so  the  water 
had  to  be  turned  through  this  72-in.  pipe  again, 
in  order  to  maintain  the  supply,  which  was 
done  at  6  P.  M.,  Dec.  3. 

The  time  for  making  repairs  being  limited 
to  practically  a  48-hour  period,  it  was  seen 
that  it  would  be  utterly  impracticable  to  repair 
this  break  in  the  manner  in  which  the  first 
break  had  been  fixed.  It  was  concluded  to  put 
an  internal  ring  in  the  pipe,  making  the  ring, 
or  sleeve,  of  steel  plate.  It  took  three  plates 
2  ft.  wide  by  6  ft.  long.  It  was  thought  that 
the  ends  of  these  plates  could  be  bent  inwards 
at  right  angles  for  bolting  together,  but  it 
was  found  that  the  steel  would  crack,  so 
angle  irons  were  riveted  to  the  plates  instead. 
The  ring  when  bolted  together  fitted  the  in- 
terior of  the  pipe  loosely  and  set-screws  were 
put  in  at  different  points  to  locate  the  ring 
with  an   equal   space  all   around. 

Several  materials  were  considered  for  filling 
between  the  sleeve  and  the  pipe.  A  patent 
cement  which  will  expand  upon  setting  was 
one  of  the  materials,  but  it  was  rejected  as  a 
filling,  because  of  the   time   necessary  for   its 
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setting,  which  in  that  position  would  have 
been  at  least  24  hours  before  it  would  have 
been  safe  to  let  water  come  in  contact  with 
it.  Lead  in  its  usual  form  was  rejected,  be- 
cause of  the  impracticability  of  pouring  the 
joint  completely  and  the  fact  that,  even  if  it 
were  possible  to  pour  it,  it  could  not  be  calked 
its  entire  depth.  Lead  wool  was  finally  decid- 
ed upon.  This  was  selected,  on  account  of  the 
felicity  with  which  it  could  be  handled,  the 
fact  that  it  could  be  placed  in  the  presence  of 
water  and  that  it  could  be  calked  in  the  en- 
tire  depth   of   the   joint. 

After  the  first  examination  of  the  pipe  was 
made  the  actual  starting  of  repairs  was  de- 
layed for  several  days  until  arrangement  to 
supply  Jersey  City  with  water  while  the  con- 
duit was  out  of  service  were  made,  and  the 
repairs  proper  were  begun  on  Dec.  19,  1907. 
The  water  was  turned  off  at  8:45  A.  M.  on 
this  date,  and  the  pipe  finally  emptied  below 
the  position  of  the  break,  the  necessary  tools, 
sleeve,  materials,  etc.,  gotten  in  the  pipe  by 
6  P.  M.  During  the  night  the  sleeve  was 
placed  in  position  ready  for  the  filling  ma- 
terial. 

After  the  sleeve  was  placed  in  position  the 
center  of  the  joint  around  the  row  of  circum- 
frential  rivets  of  the  pipe  and  where  the  crack 
was  located  was  thoroughly  calked  with  or- 
dinary gasket  yarn  smeared  with  clay,  in  or- 
der to  prevent  the  water  working  in  and  get- 
ting around  the  layers  of  lead  wool  which 
were  to  follow  and  to  act  as  backing  for  the 
first  layer  of  lead.  Then  the  filling  was  con- 
tinued from  each  side  with  lead  wool  and 
thoroughly  calked  to  within  about  2  in.  of  the 
outside  edge  of  the  sleeve.  This  outside  space 
was  filled  with  strips  of  solid  lead,  3  or  4  ft. 
long,  which  had  been  poured  in  molds  the 
thickness  of  the  joint  and  thoroughly  calked. 
The  work  of  calking  in  the  lead  wool  was  be- 
gun at  6  A.  M.,  Dec.  20,  and  carried  on  con- 
tinuously until  finished,  and  the  water  again 
turned  on  about  7  P.  M.  of  the  same  day,  mak- 
ing a  total  time  that  the  conduit  was  out  of 
service  approximately  36  hours.  The  pipe  was 
tested  for  leakage  when  the  water  was  turned 
on  and  found  to  be  tight. 

Special  homemade  calking  tools  were  used 
in  placing  the  lead  wool  in  the  joint.  The 
men  who  actually  made  the  repairs  worked 
in  two  shifts  of  five  men  and  foreman  for 
each ;  two  hours  in  and  two  hours  out  of  the 


conduit,  the  same  men  working  in  this  way 
from  start  to  finish  of  the  job.  The  men 
were  all  from  the  regular  working  force  of  the 
company  and  were  selected  for  their  known 
qualities  of  endurance,  and  to  their  faithful- 
ness is  due  very  largely  the  successful  com- 
pletion of  the  job  in  so  short  a  time. 


SOME  TUNNEL  SCHEMES 

A    TWELVE     MILE    TUNNEL. 

It  is  reported  that  the  Great  Northern  Rail- 
road (Hill  system)  is  preparing  to  bore  a  tun- 
nel about  twelve  miles  long  through  the  Cas- 
cade Mountains,  or  the  main  part  of  that 
range.  Two  large  forces  of  men  are  already 
engaged  near  Leavenworth,  Wash.,  getting 
material  together  to  build  three  large  dams  in 
the  Wenatchee  River  to  develop  power  with 
winch  drills  and  machinery  are  to  be  operated 
It  is  also  stated  that  the  Great  Northern  has 
arranged  for  the  development  of  electrical 
power  from  the  Chelan  Falls  for  the  operation 
of  trains  through  the  present  tunnel  in  the 
Cascade  Mountains,  and  later  through  the 
twelve-mile  bore.  This  tunnel  project  has  long 
been  openly  considered  by  the  Great  Northern 
Company,  and  engineers  have  thoroughly  in- 
vestigated and  approved  of  the  plan.  Such  a 
tunnel  would  give  the  road  the  most  direct  line 
through  the  Cascades  down  to  Puget  Sound 
waters,  and  also  dispose  of  the  tremendous 
mountain  climb  which  must  now  be  made. 

A    SIX    MILE    TUNNEL. 

It  is  stated  by  Mr.  Julius  Kruttschmitt,  gen- 
eral director  of  maintenance  and  operation  of 
the  Harriman  System,  that  the  36,000  foot  tun- 
nel under  a  spur  of  the  Sierra  Nevada  will  be 
built  in  the  near  future.  All  surveys  for  this 
tunnel  were  completed  some  time  ago  under 
the  superintendence  of  Chief  Engineer  Wm. 
Hood.  The  boring  will  be  carried  on  not  only 
from  each  end  but  also  from  several  shafts,  so 
that  it  is  expected  that  the  entire  work  can  be 
done  in  three  years.  This  tunnel  will  reduce 
the  climb  by  nearly  1,000  feet  and  also  effect 
a  considerable  saving  in  time.  The  total  out- 
lay is  estimated  at  $10,000,000  which  will  be 
more  than  warranted  by  the  reduced  cost  of 
operating. 

SPIRAL    TUNNELS. 

An  interesting  piece  of  railroad  engineering 
is  now  in  progress  near  Field,  British  Colum- 
bia, on  the  main  line  of  the  Canadian  Pacific 
Railroad.     The  original  grade  turn  is  4.5  per 
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cent.,  and  it  takes  three  and  sometimes  four 
locomotives  to  push  the  transcontinental  trains 
up  the  hill.  The  Kicking  Horse  Canyon  is 
too  narrow  for  loops,  so  a  new  line  is  being 
built  which  will  cross  the  river  and  cut  right 
into  the  solid  mountain  with  a  tunnel  16  ft. 
wide,  24  ft.  high  and  3200  ft.  long  which  will 
make  a  complete  spiral,  or,  more  strictly,  a 
helix,  emerging  at  a  point  70  ft.  higher  than 
the  entry.  By  means  of  this  and  other  tun- 
nels the  grade  of  the  line  in  this  neighborhood 
will  be  reduced  to  2.2  per  cent. 

The  originator  of  the  spiral  tunnel,  William 
H.  Cilley,  an  American  engineer,  by  this  means 
found  a  feasible  grade  up  the  Valley  of  the 
Rimac  for  the  Peruvian  Central  Railway.  The 
method  was  later  employed  for  a  similar  pur- 
pose in  the  St.  Gothard  tunnel  in  the  Alps. 

THE   AUTOMOBILE    IN    DEVELOPING 
MINING 

Few  people  realize  the  important  part  auto- 
mobiles play  in  modern  mining  affairs.  Those 
who  have  been  reading  of  recent  boom  camps 
in  Nevada  know  that  the  automobile  is  one  of 
the  almost  indispensable  factors  in  the  quick 
development  of  new  districts.  New  mining 
camps  are  not  generally  found  along  railway 
lines  and  to  reach  them  from  the  nearest  rail- 
road point  sometimes  requires  several  days' 
travel  under  tiresome  difficulties  and  discour- 
aging annoyances.  Now,  as  soon  as  a  new  camp 
is  discovered  or  a  rich  strike  is  made  which 
causes  a  stampede,  a  line  of  automobiles  is  im- 
mediately established  and  travelers  are  taken 
from  the  railway  train  right  into  the  camp 
with  little  less  conveniences  than  are  afforded 
on  the  best  trains  and  in  about  as  quick  time. 

As  a  factor  in  the  rapid  development  of 
mining  districts  in  the  west  the  automobile  is 
regarded  as  of  great  importance.  Capitalists 
and  their  representatives  have  little  time  to 
waste  in  life  and  unless  the  showing  is  of  the 
most  encouraging  nature  numerous  properties 
situated  in  districts  remote  from  railroads,  are 
passed  by.  Since  the  advent  of  the  automobile 
in  Butte  nearly  all  of  the  principal  mining  dis- 
tricts of  Montana  have  been  brought  within  a 
day's  trip  of  the  big  camp  where  mining  in- 
vestors and  engineers  make  their  headquarters 
while  in  the  state.  Hardly  a  day  goes  by  with- 
out some  local  mining  man  taking  a  party  of 
visiting  engineers,  experts  and  capitalists  to 
inspect  a  mine  in  some  remote  part  of  the 
state  and  the  trip  is  made  one  of  pleasure  as 
well  as  business. — Butte  Copper  Age. 


ELECTRICITY  AND  COMPRESSED  AIR 
IN  MINING* 

For  driving  the  ordinary  reciprocating  air- 
compressor,  the  electric  motor  does  not  show 
up  at  all  favourably.  The  steam-driven  com- 
pressor has  a  very  high  efficiency,  a  good  deal 
higher  than  that  of  a  steam  engine  driving  a 
rotating  shaft ;  its  excellence  in  this  respect 
being  due  to  the  fact  that  a  great  part  of  the 
work  transmitted  from  steam  to  air  cylinder 
passes  direct  along  the  piston  rod  and  not 
through  the  crank  pin  at  all.  This  advantage 
is  of  course  lost  if  the  whole  power  used  in 
compressing  has  to  come  from  the  crank  shaft 
as  would'  necessarily  be  the  case  if  an  electric 
motor  were  used  to  do  the  work.  If  air-com- 
pressing is  to  be  done  by  a  motor,  a  rotary 
compressor  suggests  itself,  but  a  very  high 
efficiency  does  not  seem  probable  in  this  direc- 
tion. Some  tests  described  by  M.  A.  Barbezat 
on  a  Rateau  steam  turbo-compressor,  built  by 
Messrs.  Brown  Boveri,  of  400-horse  power 
and  delivering  air  at  71  lb.  pressure,  give  an 
efficiency  of  about  70  per  cent. 

It  has  long  been  known  that  the  transmis- 
sion and  distribution  of  compressed  air  for 
mining  purposes  is,  in  practice,  extremely  in- 
efficient ;  but  the  full  extent  of  the  losses,  due 
to  wasteful  use  of  air,  leakages  and  inadequate 
distribution  pipes  (which  are  often  under  the 
control  of  unskilled  men)  has  only  recently 
been  realized.  The  investigations  of  Mr. 
Hutton  and  Mr.  Schweder  have  now  estab- 
lished the  figure  of  28-i.  h.  p.  in  the  steam  cy- 
linder of  the  compressor  as  that  necessary  to 
keep  each  zVa  in-  drill  properly  running.  Of 
this  from  5  to  6-horse  power  gets  far  enough 
to  be  indicated  in  the  drill,  and,  according  to 
Mr.  Schweder,  only  1.7-horse  power  actually 
reaches  the  rock. 

The  ease  with  which  electricity  can  be  dealt 
with,  and  the  fact  that  a  switch-board  instru- 
ment can  at  once  indicate  the  presence  of 
leakage,  have  caused  proposals  to  be  made  to 
distribute  power,  electrically  to  small  motor- 
driven  compressors  underground.  This,  how- 
ever, only  goes  part  of  the  way  to  meet  the 
difficulty,  and  many  attempts  have  been  made 
to  produce  an  electric  drill ;  but,  as  might  have 
been  expected,  no  purely  electrical  percussion 
drill  seems  to  have  proved  satisfactory.  The 
Temple,  so-called  electric  drill   (The  Temple- 


*From  a  paper  read  before  the  Institute  of 
Mining  and  Metallurgy  by  H.  J.  S.   Heather. 
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Jngersoll  Electric  Air  Drill)  seems  to  get  near- 
est to  solving  this  problem.  This  is  really  a 
pneumatic  drill  driven  by  the  reciprocating 
motion  of  two  plungers  operated  by  an  electric 
motor.  There  are  no  valves  between  the  drill 
itself  and  the  two  air  chambers,  and  no  clear- 
ances to  be  filled  with  air  at  every  stroke. 
Comparative  tests  have  been  made  by  Mr.  C. 
A.  Chase,  general  superintendent  of  the  Lib- 
erty Goldmining  Company,  Telluride,  Colo- 
rado, on  2>Va  in-  air  drills  working  at  ioo 
lb.  pressure,  and  the  nearest  corresponding 
Temple  drill,  the  actual  drilling  done  by  the 
latter  being  slightly  more  than  that  by  the 
air  drills.  Mr.  Chase  found  that  the  air  drills 
took  25-horse  power  each  at  the  motor  driv- 
ing the  compressor,  thus  agreeing  fairly  well 
with  the  results  above  quoted,  and  the  Temple 
drills  5-horse  power  each.  These  figures  are 
said  to  have  been  confirmed  by  Mr.  Barnes 
in  the   Yak  Tunnel  at  Leadville. 

The  author  has  not  had  an  opportunity  of 
seeing  the  Temple  drill,  and  the  particulars 
he  has  received  do  not  go  sufficiently  into  de- 
tail to  enable  him  to  express  a  final  opinion, 
but  the  arrangement  seems  to  him  a  most 
promising  one,  and  as,  wherever  applicable, 
it  should  reduce  the  present  costs  of  power 
for  drilling  by  at  least  one-half,  it  certainly 
deserves    to   be    closely    looked    into. 


NOTES 

In  the  past  quarter  of  a  century  we  have 
seen  the  air  compressor  rise  from  the  status  of 
a  mere  curiosity  to  an  immense  factor  in  eco- 
nomical engineering,  and  why?  Because  en- 
gineers have  put  energy,  skill  and  money  into 
the  problem,  and  recognizing  the  necessity  for 
volumetric  efficiency,  they  have  used  every  de- 
vice to  make  the  air-pump  handle  every  possi- 
ble ounce  of  air. — F.  A.  Rider. 


Glacier  ice  is  now  delivered  to  some  of 
the  larger  consumers  of  Lyons  and  other  cit- 
ies of  Europe.  There  ar^  so  many  railways 
in  the  Alps  at  present  that  it  has  been  found 
profitable  to  gather  this  ice  and  transport  it  to 
the  cities,  where  it  is  preferred  to  other  ice 
because  of  its  hardness  and  lasting  qualities. 
This  ice  is  blasted  and  mined  in  the  same 
manner  as  stone  is  quarried. 


turbine  blowers  are  used.  Operated  in  tandem, 
they  deliver  air  against  60  oz.  pressure,  and 
are  said  to  be  of  high  efficiency,  economical, 
and  satisfactory  in  all  respects  save  that  there 
is  an  extraordinary  and  enormous  noise  at  the 
intake  of  the  air,  which  is  next  to  unbearable 
to  persons  having  to  work  anywhere  near-by. 


Cutting  the  price  down  dangerously  near  to 
the  actual  cost  basis  when  a  little  artificial  lull 
comes  along  is  very  poor  policy  for  the  opera- 
tor who  wants  to  stimulate  prosperity.  Doing 
business  without  a  profit  is  a  thankless  task, 
and  one  calculated  to  make  the  man  who  in- 
dulges in  it  miss  opportunities  for  getting  good 
business  later. 


In  the  matter  of  equipment  don't  overlook 
the  fact  that  elevating  and  conveying  devices 
are  the  cheapest  carriers  for  all  kinds  of  ma- 
terial, and  that  human  pack-mules  are  the  most 
expensive  as  well  as  the  most  refractory  ele- 
ments that  the  manufacturer  has  to  contend 
with. 


Coal  by  weight  develops  eight  times  as  much 
energy  as  dynamite,  and  dynamite  costs  for- 
ty-five times  as  much  as  coal.  One  dollar's 
worth  of  coal  would  then  develop  as  much  en- 
ergy as  $360  worth  of  dynamite. 


The  H.  K.  Porter  Company,  Union  National 
Bank  Building,  Pittsburgh,  has  recently  taken 
an  order  for  six  of  its  18-in.  gauge  air  loco- 
motives for  gathering  purposes  in  the  mines 
of  the  Homestake  Mining  Company,  Lead, 
S.  D. 


A  five-inch  ammonia  pipe  at  the  Manhat- 
tan brewery,  Chicago,  burst  recently,  killing 
two  men  who  were  calling  on  the  engineer 
and  seriously  injuring  the  latter.  The  men 
were  overcome  by  the  fumes  before  they  could 
reach  a  place  of  safety. 


At  Rio  Tinto,  Spain,  where  pyrite  smelting 
is  now  being  done   (in  six  furnaces).  Parsons 


The  protection  of  steel  reinforcement  by 
bedding  in  concrete  has  been  investigated  by 
the  National  Physical  Laboratory  of  Great 
Britain,  the  tests  showing  that  both  bright 
steel  bars  and  those  bedded  in  the  concrete 
without  removing  the  scale  from  them  are 
thoroughly  protected  from  rust,  even  though 
the   concrete   is    covered    with    water    several 
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times  a  week  for  a  year  and  afterwards  left  in 
the  open  air  for  months. 


A  paint  has  been  prepared  to  indicate  exces- 
sive heat  in  machine  parts.  It  is  described  as 
red  when  cool  or  normal,  but  when  the  painted 
part  becomes  warmer  than  it  should  be  it  turns 
black,  the  red  appearing  again  when  the  tem- 
perature falls.  The  paint  is  said  to  be  made  by 
mixing  mercuric  iodide  and  cupric  iodide  with 
distilled  water  in  proportions  which  vary  with 
the  temperature  which  it  may  be  desired  to 
indicate. 


Prof.  Hallock  lectured  recently  before  the 
Chemists'  Club,  in  New  York  City  on  "Blau- 
gas."  This  is  liquid  illuminating  gas  discov- 
ered by  Professor  Blau,  of  Germany,  and  while 
it  is  not  manufactured  in  this  country,  it  has 
found  an  extensive  use  in  Germany,  where  it 
is  sold  by  weight.  A  22-lb.  cylinder  contains 
enough  liquid  gas  to  supply  a  50-cp  burner  for 
four  months  if  used  four  hours  a  day.  Very 
small  copper  tubes,  about  the  size  of  an  elec- 
tric light  wire  and  just  as  flexible,  connect 
the   burners  with   the   reservoir. 


Paris  underground  railways  now  open  for 
traffic  have  a  length  of  32  miles,  out  of  a 
total  authorized  of  57  miles,  work  being  in 
progress  on  all  lines  which  are  not  yet  in 
operation.  The  Metropolitan  scheme  includes 
two  sets  of  rails  parallel  to  the  Seine,  and. 
serving  the  traffic  of  the  central  portions  of 
the  city,  a  circular  line  surrounding  the  city, 
and  situated  between  the  central  quarters  and 
the  fortifications,  occupying  somewhat  the  po- 
sition of  the  outer  boulevards;  and,  lastly, 
two  transverse  lines  at  right  angles  to  the 
course  of  the  river.  The  portions  of  this 
system  now  in  operation  carry  an  average  of 
350,000  passengers  daily.  The  other  conces- 
sion, called  the  North  and  South  Railway, 
crosses  Paris  transversely  from  north  to  south, 
and  has  a  total  length  of  about  seven  miles, 
all  of  which  is  now  under  construction. 


Considering  the  great  amount  of  dynamite 
used  in  the  mines  in  Butte  there  are  compara- 
tively few  accidents  from  explosions  or  blast- 
ing. It  is  estimated  that  15,000,000  blasts  are 
set  off  in  Montana  each  year.  Careful  esti- 
mates place  the  number  of  blasts  in  the  Butte 
mines  at  35,000  per  day  when  the  mines  are 


operating  at  full  capacity.  About  4,800,000 
pounds  of  explosives,  120  carloads,  are  used 
each  year  in  Butte  and  the  cost  aggregates 
$720,000.  Candles  are  sometimes  used  in 
lighting  the  fuse  and  this  practice  helps  to 
swell  the  enormous  amount  of  candles  con- 
sumed in  the  big  mining  camp.  It  is  estimated 
that  five  carloads  or  1,000,000  candles  are  used 
each  month  in  the  Butte  mining  district,  or 
12,000,000  a  year,  at  a  cost  of  about  $192,000. 


A  novel  gas  engine  starter  has  been  devel- 
oped by  the  Oil  City  Gas  Engine  Co.,  consist- 
ing of  a  flash  boiler  furnishing  superheated 
steam  at  high  pressure  which  may  be  used  in  a 
gas  engine  in  the  same  manner  that  compressed 
air  is  used  for  large  engine  units.  The  boiler 
is  of  the  coil  type  of  small  capacity,  and  is 
heated  by  a  large  gas  burner.  When  in  oper- 
ation, the  coil  is  heated  to  a  red  heat,  and  then 
a  small  quantity  of  water  is  injected  by  a  hand 
pump.  This  water  instantly  flashes  to  steam 
of  from  400  to  500  pounds  pressure,  and  is 
then  admitted  to  the  engine  cylinder.  The  first 
heating  of  the  coil  will  furnish  sufficient  steam 
for  turning  the  crank  a  number  of  revolutions, 
and  if  the  engine  then  should  fail  to  get  in 
operation,  a  second  heating  of  the  coil  will 
give  another  number  of  turns,  and  so  on.  A 
Safety  valve  set  at  500  pounds  protects  the 
device  from  excessive  pressure. 


The  transportation  of  coal  from  the  landing 
piers  at  the  Genoa,  (Italy)  wharves  has  been 
considerably  increased  by  the  opening  of  a 
tunnel,  cut  through  solid  rock,  and  leading  to 
the  adjacent  City  of  Sampierdarena.  Coal 
trucks  drawn  by  mules,  which  will  hereafter 
pass  through  this  tunnel,  will  supply  fuel  for 
the  consumption  of  the  different  tactories  lying 
between  the  City  of  Genoa  and  Voltri  on  the 
west  and  Bolzaneto  on  the  northwest.  The  di- 
mensions of  the  tunnel  are :  Length,  275  me- 
ters (902  feet)  ;  width,  15  meters  (49.2  feet)  ; 
height,  8  meters  (26.2  feet).  Constructive 
work  was  begun  on  August  1,  1907.  Trucks 
transporting  coal  save  a  long  ascending  pas- 
sageway, involving  more  than  an  hour's  time. 
Some  600  carloads,  averaging  from  2  1-2  to  3 
tons  of  coal  each,  will  pass  through  the  tunnel 
daily.  Its  mouth  begins  on  the  pier,  just  un- 
der the  fortress  of  San  Benigno,  and  ends  at 
Sampierdarena. 


4960 


COMPRESSED  AIR. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  druwinys  of  any  patent  may 
be  obtained  by  sending  five  cents  (not  stamps)  to  the 
Commissioner  of  Patents,    Waslnnyton,  D.  (J. 

MAY   5. 

886,353.  AIR-PUMP.  Orris  J.  Darling,  De- 
troit, Mich. 

886,390.  SIPHONIC  DREDGE.  William  J. 
Moninghoff,    Philadelphia,    Pa. 

SS6.402.  CUSHIONING  DEVICE  FOR  PIS- 
TONS.    Otto  S.  Pike,  Maiden,  Mass. 

886,428.  DUPLEX  AIR-PUMP.  John  Shour- 
kk.    Pittsburg.    Pa. 

886,489.  AUTOMATIC  SHUT-OFF  FOR  PENU- 
MATIC  TUBES.  Edgar  Flint,  Toronto,  On- 
tario,  Canada. 

886,552.  GAS-PRESSURE  GAGE.  Walter 
Thomas,  Vancouver,  British  Columbia,  Cana- 
da. 

8S6.615.  PNEUMATIC  RECUPERATOR  FOR 
RECOIL-GUNS.  Otto  Lauber  and  Norbert 
Koch,    Essen-on-the-Ruhr,   Germany. 

886,699.  ACETYLENE-GAS       GENERATOR. 

Joseph  Heaton,  Hampton  Station,  New  Bruns- 
wick,  Canada. 

SS6.834.  PRESSURE-CONTROLLER.  Andre 
Michelin,    Paris,    France. 

887.051.  FLUID-FEED  SIDE-INLET  DRILL- 
BIT.     John  H.  Wiest,  Boulder,  Colo. 

MAY    12. 

887,095.  FLUID  -  PRESSURE  -  OPERATED 
TOOL.  Charles  H.  Johnston,  Chicago 
Heights,    111. 

887,199.  EXPRESSION  DEVICE  FOR  PNEU- 
MATIC MUSICAL  INSTRUMENTS.  Eugene 
de  Kleist,  North  Tonawanda,  N.  Y. 

887,361.  ELASTIC-FLUID  TURBINE.  Ernst 
P.  Wagner,  Charlottenburg,  Germany. 

887,363.  ROCK-DRILL.  Governor  D.  War- 
ren.   Cripple    Creek,    Colo' 

887,380.  ELASTIC-FLUID  TURBINE.  Charles 
W.    Dake,    Grand    Rapids,    Mich. 

887, 38S.  VACUUM  POWER-HAMMER.  Louis 
Golly,  East  Orange,  N.  J. 

887,467.  METAL-CUTTING  BLOWPIPE.  Cy- 
rille    Delcampe,    Bridgeport,    Conn. 

887,491.  ACETYLENE-GAS       GENERATOR. 

Charles  W.   Metcalf,   San  Diego,  Cal. 

887,505.  AIR-CUSHION  AND  AIR-COMPRES- 
SOR FOR  AUTOMOBILES  AND  OTHER 
VEHICLES.  Wesley  H.  Nelson  and  Lee  W. 
Galloway,   Norwood,  Colo. 

887,571.        AIR-COMPRESSOR.        Frederich     B. 

887.60S.  '  APPARATUS  '  FOR  RAISING  AND 
LOWERING  LOADS.  Louis  E.  A.  Duflon, 
St.    Petersburg,    Russia. 

1.  In  an  apparatus  for  raising  and  lowering 
loads,  the  combination  with  an  elevator  conduit 
and  a  compresesd  air  conduit  of  a  plurality 
of  loading  cylinders  adapted  to  successively  reg- 
ister with  the  elevator  conduit  each  provided 
with  an  air  passage  to  connect  the  elevator  and 
air  conduit,  means  to  vent  the  elevator  conduit 
at  a  predetermined  point  to  neutralize  the  pres- 
sure therein,  and  means  in  the  conduit  to  en- 
gage a  load  raised  above  the  venting  means. 
887,726.  HUMIDIFYING  APPARATUS.  Wil- 
liam J.  Kelley,  Central  Falls,  R.  I. 

MAY    19. 

887,801.  ROCK-DRILLING  MACHINE.  Hen- 
ry Hellman  and  Lewis  C.  Bayles,  Johan- 
nesburg, Transvaal. 

887,884.  TRACK-SANDING        MECHANISM. 

Charles   P.   White,   Greensboro,   N.   C. 

887,925.  SHOCK-ABSORBER.  David  M.  Da- 
vis,   Washington,    D.    C. 


5.  In  a  device  as  set  forth,  a  hollow  member 
elliptical  in  cross-section  comprising  three  cham- 
bers, a  central  chamber  and  two  auxiliary  cham- 
bers, a  piston  movable  in  the  central  chamber, 
said  central  chamber  having  air  vents  intermediate 
the  ends  thereof,  the  auxiliary  chambers  having 
communication  with  the  central  chamber  in  such 
wise  that  upon  the  upward  stroke  of  the  piston, 
the  air  is  forced  into  one  of  said  auxiliary  cham- 
bers and  upon  the  downward  stroke,  air  is 
forced  into  the  other  auxiliary  chamber,  at  the 
same  time  air  is  returned  from  the  first-named 
auxiliary  chamber  in  reduced  volume  upon  the 
downward  stroke  of  the  piston  while  air  is  re- 
turned from  the  second  mentioned  auxiliary 
chamber  in  reduced  volume  upon  the  upward 
stroke  of  the  piston  thereof 
887,931.      AERIAL   APPARATUS.      Charles    J. 

A.    FlESSE,  Washington,   D.  C 
887,955.      COMPRESSOR  OR  BLOWER.     Rich- 
ard J.    McCarty,  Kansas   City,    Mo. 
SN7,:<74.       ART    OF    SMELTING    ORE.       ALFRED 
Steinbart,    Pittsburg,    Pa. 

L,  As  an  improvment  in  the  art  of  smelting 
ore,  the  method  herein  described  which  consists 
in  lessening  the  percentage  of  moisture  in  the 
air  to  be  forced  into  the  furnace  to  a  point 
below  that  of  saturation  at  atmospheric  pres- 
sure and  at  the  temperature  of  a  natural  cool- 
ing  medium,  maintaining  the  moisture  at  a  slow- 
ly varying  percentage  below  such  point  of  sat- 
uration by  subjecting  the  air  to  comppression 
and  to  such  natural  cooling  medium  and  forcing 
the  air  into  the  furnace. 

888,007.      STARTING    MECHANISM    FOR    EX- 
PLOSIVE-ENGINES.     Harry   C.    Fricke   and 
George  E.  Turner,  Pittsburg,  Pa. 
1.   In    an     explosive    engine,     the    combination 
with  the  cylinder  and  piston,  and  means  for  sup- 
plying   an    explosive    mixture    thereto,    of    means 
for   supplying  a  compressed   motor   fluid   to   said 
cylinder,    a  valve   chest   for   said   fluid   supply,    a 
cam  operated  by  the  engine,  and  a  valve  in  said 
valve    chest    normally    out    of    operative    relation 
with    said   cam,    said   valve   being   constructed   to 
be   forced   into  operative  relation  to  the  cam   by 
the  admission   of  compressed  fluid  to  said  valve 
chest,  substantially  as  described. 
888,074.     MEANS  FOR  STARTING  INTERNAL- 
COMBUSTION  ENGINES.     Giovanni  Enrico, 
Turin,   Italy. 

1.  In  an  internal  combustion  engine,  the  com- 
bination with  the  cylinder  of  inlet  and  outlet 
valves,  cams  for  operating  such  valves,  a  hollow 
cam  shaft  carrying  such  cams,  an  additional 
valve  adapted  to  admit  comppressed  fluid  to 
the  engine  for  starting  purposes,  a  cam  for  op- 
erating said  additional  valve,  said  cam  being  in- 
dependent of  the  outlet  and  inlet  valve  cams, 
and  being  adapted  to  slide  on  said  cam  shaft, 
and  a  .second  shaft  for  operating  the  cam  for 
the  additional  valve,  said  shaft  extending  within 
the  cam  shaft  and  being  connected  to  its  cam 
through  slots  formed  in  the  cam  shaft. 
888,126  VALVE  MECHANISM  FOR  AIR-COM- 
PRESSORS. Theodore  H.  Smith,  San  Fran- 
cisco, Cal. 
888,164.     PNEUMATIC  DRILL.     Martin  Hard- 

socg,  Ottumwa,   Iowa. 
888,189.      AUTOMATIC      TRAIN-PIPE      COUP- 
LING.    Nicholas  F.  Niederlander,  St.  Louis, 
Mo. 
888,207.     FLUID-PRESSURE  BRAKE.    Walter 

V.  Turner,  Edgewood,  Pa. 
888,239.  PNEUMATIC       FLUE-EXPANDER. 

Harry   Kelly,    Houston,   Tex. 
888,267.     AIR-SHIP.     Julius  C.  Sandrik,  South 

Bethlehem,  Pa. 
888,354.  APPARATUS  FOR  ELEVATING 
GRAIN  AND  OTHER  GRANULAR  OR  PUL- 
VERULENT MATERIALS.  Louis  G.  ROHDB 
and  Henri  J.  Rohde,  Paris,  France. 
S88.449.  COLOR  AND  DYE  SPRAYER.  HANS 
Mikorey,    Schoneberg,   near  Berlin,   Germany 

MAY   26. 

888,492.       ROCK-DRILL.       James     S.     Harlow, 
Mineral,   Va. 
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888,497.  ROCK-DRILLING  MACHINE  OR  EN- 
GINE. Henry  Hellman  and  Lewis  C. 
Bayles,   Johannesburg,    Transvaal. 

888,506.  TURBINE-DRIVEN  ROCK-DRILL. 
Moses   Kellow,   Penrhyndendraeth,   England. 

888,553.  AIR-COMPRESSOR.  Charles  P.  Tol 
man,    New    York,    N.    Y. 

888,565.  POSITIVE-PRESSURE  BLOWER. 
John  W.   Wilson,   New  York,   N.   Y. 

888,567.  AIR-BRAKE.  John  B.  Wright, 
Greensboro,    N.    C. 


Lars    M. 


888,571.       PNEUMATIC     STACKER. 
Anderson,    Crookston,    Minn. 

888,762.       AIR-PUMP.       Samuel     E.     Spencer, 
Springville,   N.   Y. 

888,790       METHOD     AND     APPARATUS     FOR 
CONSTRUCTING    SUBAQUEOUS   TUNNELS. 
Benjamin   Douglas,    prosse   lie,    Mich. 
1.  The  method  of  constructing  subaqueous  tun- 
nels, which  consists  in  building  the  same  within 
an    open    bottom    shield    and    in    advancing    said 
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shield    and    depressing    the    water    level    therein  coma,   Wa^.VALVB       FOR       RADIATORS. 

SsSs™  AHltBRi^.^^SSrB'sHAD-.  Ta-       "fWw.   Leuvhesser,  Chicago.  111. 
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THE  MOISTURE  IN  THE  ATMOS- 
PHERE 

ITS    EFFECT    ON    THE    OPERATION    OF    COMPRESSED 

AIR      MACHINERY,     ESPECIALLY     AIR     BRAKE, 

MULTIPLE-UNIT       TRAIN       CONTROL       AND 

TRAIN  SIGNAL  SYSTEMS. 

By  H.  M.-Prevost  Murphy. 

Note. — We  reprint  this  valuable  paper  in  full 
from  the  Engineering  News  of  June  18,  1908, 
by  the  kind  permission  of  the  writer,  Mechani- 
cal Engineer  Westinghouse  Air  Brake  Com- 
pany, and  of  the  Engineering  News  Publishing 
Company,  220  Broadway,  New  York,  by  whom 
it  is  copyrighted  and  now  issued  in  pamphlet 
form  at  25  cents  per  copy. 

Ever   since  the   introduction   of  compressed 


air  into  the  railway  and  commercial  fields, 
much  imperfect  operation  and  many  failures 
have  resulted  from  the  presence  of  condensed 
moisture  in  vital  parts  of  the  apparatus  used. 
Long  practical  experience  and  careful,  scientific 
investigation  have,  however,  demonstrated  that 
all  difficulties  arising  from  this  source  may  be 
reduced  to  comparative  insignificance,  if  not 
entirely  eliminated,  by  properly  installing  the 
various  devices  concerned.  The  objects  of  this 
article  are  to  point  out  the  physical  laws  in- 
volved in  the  subject,  to  explain  the  most  ap- 
proved methods  of  securing  "dry  air"  for  use 
in  any  system,  and  to  establish  a  correct  meth- 
od for  determining  the  amount  of  moisture  that 
is  deposited  by  compressed  air  under  various 
operating  conditions. 


0  f^-  OvptertirGye 
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FIG.    1        DIAGRAMMATIC    ARRANGEMENT    OF    A    WESTINGHOUSE    AIR-BRAKE    EQUIPMENT    FOR   ELECTRIC    LOCOMOTIVE. 
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Although  the  troubles  resulting  from  "wet 
air"  are  of  much  consequence  in  stationary 
work,  where  complicated  pneumatic  machines 
are  used,  it  is  seldom  that  any  very  serious  ac- 
cidents occur  in  this  field;  loss  of  time  and 
broken  tools  usually  being  the  extent  of  the 
damage  done.  It  is  in  the  operation  of  mod- 
ern railways,  particularly  electric  systems, 
where  the  problem  assumes  a  most  important 
nature.  This  will  be  readily  appreciated  when 
it  is  remembered  that  on  a  large  number  of 
such  roads  the  block  signals,  interlocking 
switches,  multiple-unit  .control  equipments  and 
automatic  brakes  are  all  operated  by  com- 
pressed air. 

Of  course,  the  evil  effects  of  excess  moisture, 
if  permitted  to  enter  any  of  the  systems  re- 
ferred to,  are  readily  imagined  if  indeed  not 
already  familiar  to  the  reader.  In  warm  cli- 
mates, where  freezing  weather  is  never  expe- 
rienced, any  water  passing  through  and  depos- 
ited in  the  various  valves  and  passages  is  not 
a  positive  source  of  danger,  although  it  may 
cause  extremely  sluggish  and  unsatisfactory 
operation,  but  it  will  inevitably  produce  a  much 
more  rapid  deterioration  of  the  apparatus  than 
would  otherwise  be  the  case.  On  the  other 
hand,  in  latitudes  where  freezing  does  occur 
for  even  short  periods  of  time,  any  water 
which  is  deposited  in  these  systems  is  not  only 
liable  to  burst  pipes  and  valves,  but  also  to  so 
obstruct  the  ports  and  passages  of  the  various 
devices  and  even  to  so  entirely  block  the  action 
of  the  moving  parts,  that  failures  from  this 
source  are,  unfortunately,  of  too  frequent  oc- 
currence  during   the   winter   months. 

In  order  to  clearly  understand  the  situation 
and  to  obtain  a  useful  knowledge  of  the 
methods  employed  in  practice  to  obviate  the 
difficulties  experienced  from  the  presence  of 
the  moisture  in  the  atmosphere,  it  will  be 
necessary  to  first  investigate  the  simple  un- 
varying, physical  laws  which  govern  the  case. 
These  laws  may  be  stated  as  follows : 

(1)  Atmospheric  air  always  contains  some 
moisture,  which  it  absorbs  from  rivers,  creeks, 
rainfall,  etc. 

(2)  The  amount  of  moisture  present  in  the 
atmosphere  depends  on  local  conditions  and  on 
the   weather. 

(3)  The  maximum  amount  of  moisture  that 
pure  air  can  contain  depends  only  on  its  tem- 
perature and  pressure,  and  has  an  unvarying 
value  for  each  condition. 


(4)  The  higher  the  temperature  of  the  air, 
the  greater  is  the  amount  of  moisture  that  it 
can  contain. 

( 5  )  The  higher  the  pressure  of  the  air,  the 
smaller  is  the  amount  of  moisture  that  it  can 
contain. 

(6)  When  air  is  compressed,  its  temperature 
rapidly  rises  to  a  high  point,  which  depends 
on  the  design  and  speed  of  the  compressor  and 
the  delivery  pressure  worked  against. 

(7)  The  rise  of  temperature  due  to  the  com- 
pression of  the  air,  in  all  cases  found  in  prac- 
tice, far  more  than  offsets  the  opposite  effect 
of  the  rise  of  pressure  on  the  moisture  carrying 
capacity  of  the  air. 

As  a  result  of  these  laws,  it  is  easy  to  see 
how  water  is  deposited  by  compressed  air  as  it 
passes  from  the  pump  to  the  various  portions 
of  the  system.  Suppose  that  a  certain  amount 
of  atmospheric  air  enters  a  compressor  and 
that  this  air  is  at  the  saturation  point,  that  is 
that  it  contains  all  the  moisture  possible  at  the 
existing  outside  temperature  and  pressure. 
Then  as  this  air  is  compressed  as  stated  in  law 
(7),  its  moisture  carrying  capacity  very  rap- 
idly increases,  for  the  rise  of  temperature  more 
than  offsets  the  opposite  effect  of  the  rise  of 
pressure,  consequently  all  the  moisture  in  the 
air  is  still  retained  by  it  and  passes  with  it  in- 
to the  main,  or  storage,  reservoir  and  its  con- 
necting pipes.  Now  if  this  air  is  permitted  to 
pass  from  here  into  the  various  parts  of  the 
system  before  being  cooled  to  the  outside 
temperature,  it  will,  of  course,  carry  more 
moisture  with  it  than  it  is  capable  of  holding 
in  suspension  when  the  temperature  finally 
drops  to  the  normal  point,  and  this  excess 
quantity  will  then  be  deposited,  because,  the 
pressure  being  high,  the  air  cannot  hold  as 
much  moisture  as  it  did  at  the  same  temper- 
ature and  only  atmospheric  pressure  (law  5). 

Now,  as  will  be  readily  seen,  in  order  to  re- 
duce to  a  minimum  the  evil  effects  of  this 
water,  which  is  bound  to  appear  in  any  com- 
pressed air  system  under  average  weather  con- 
ditions, it  is  most  desirable  to  cause  the  air  to 
deposit  all  of  its  excess  moisture  in  the  main 
reservoirs,  from  which  it  may  be  easily  re- 
moved by  the  drain  cocks  which  should  al- 
ways be  provided  for  that  purpose.  In  order 
to  accomplish  this  completely,  it  is  merely 
necessary  to  cool  the  air  to  the  outside  tem- 
perature before,  it  leaves  these  reservoirs.  This 
may    easily   be    done    by   using    a   sufficiently 
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long  air  discharge  or  radiating  pipe  between 
the  pump  and  the  main  reservoirs  which 
should  be  of  large  capacity  not  only  to  provide 
for  an  ample  storage  of  air  but  also  in  order  to 
allow  the  compressed  air  to   remain  in  them 


system  is  sometimes  considered  of  benefit  in 
securing  "dry  air,"  but  as  such  devices  simply 
cause  some  of  the  moisture  to  be  deposited  in 
the  pipes  near  at  hand  (not  in  the  main  res- 
ervoirs)  instead  of  in  the  more  remote  parts 
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DIAGRAMMATIC  ARRANGEMENT  OF  A     WESTINGHOUSE 
AIR-BRAKE  EQUIPMENT   FOR   MOTOR  CAR. 


for  a  length  of  time  sufficient  to  permit  the 
superfluous  moisture  to  be  completely  deposited 
and  to  insure  a  liberal  supply  of  cold  air  at 
all  times.  The  use  of  pressure  reducing  valves 
between  the  main  reservoirs  and  the  rest  of  the 


of  the  system,  the  merits  of  this  method  are 
extremely  doubtful  and  it  should  never  be  re- 
sorted to  unless  drain  cups  are  placed  in  the 
pipes  concerned,  for  excess  water  vapor  once 
allowed  to  pass  from  the  main  reservoirs  will 
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surely  cause  ultimate  trouble  unless  it  be  prop- 
erly trapped  and  regularly  drained  off. 

In  stationary  work  where  the  air  is  some- 
times reheated  before  being  used,  in  order  to 
increase  the  efficiency  of  the  devices  operated 
by  it,  no  trouble  ought  ever  to  be  experienced 
from  the  moisture,  but  in  all  other  installations, 
including  those  on  railways,  long  radiating 
pipes  should  always  be  employed.  Of  course 
it  is  true  that  even  if  the  compressed  air  be 
cooled  to  the  existing  outside  temperature, 
before  leaving  the  main  reservoir,  some  mois- 
ture may  be  deposited  in  the  rest  of  the  sys- 
tem, if  a  drop  of  the  outside  temperature  oc- 
curs, but  the  amount  of  water  thus  produced 
must  obviously  be  very  small,  and  appears 
merely  as  little  beads  on  the  interior  walls  of 
the  various  devices.  It  is  seldom  that  any 
trouble  is  experienced  from  this  source  alone. 
Moreover,  although  compressed  air  may  be 
properly  dried  before  leaving  the  main  reser- 
voirs, some  moisture  may  be  temporarily  de- 
posited when  the  air  is  subsequently  expanded 
to  lower  pressures,  as  the  moisture  carrying 
capacity  of  the  air  is  usually  affected  more  by 
the  drop  in  temperature,  resulting  from  the 
expansion,  than  by  the  drop  in  pressure,  but 
when  the  air  again  attains  the  outside  temper- 
ature, the  moisture  thus  deposited  will  be  re- 
absorbed if  it  is  freely  exposed  to  the  com- 
pressed air. 

In  order  to  show  how  installations  should  be 
made  so  as  to  secure  "dry  air"  for  use  in  any 
system,  piping  diagrams  of  modern  Westing- 
house  air-brake  equipments  for  street  railway 
and  interurban  cars  and  electric  locomotives 
are  illustrated  by  Figs.  I  and  2,  in  both  of 
which  the  radiating  pipe  is  clearly  indicated. 
For  stationary  plants,  such  as  automatic  switch 
and  signal  stations,  similar  radiating  systems 
should  be  employed,  in  addition  to  which  water 
jacketed  compressors  should  be  used  whenever 
possible,  not  only  to  secure  a  high  mechanical 
efficiency  but  also  to  aid  the  radiating  pipes  in 
the  performance  of  their  duty.  As  a  general 
proposition  in  railway  work,  50  to  70  ft.  of 
this  pipe  is  considered  the  correct  amount, 
and,  when  used,  no  trouble  whatever  should 
be  experienced  with  wet  air,  if  the  reservoirs 
are  carefully  drained  every  day  or,  in  moist 
climates,  after  each  long  run. 

In  order  to  determine  exactly  what  percent- 
age of  moisture  pure  air  can  contain  at  var- 
ious pressures  and  temperatures,  to  ascertain 


how  low  the  "relative  humidity"  of  the  at- 
mosphere must  be  in  order  that  no  water  will 
be  desposited  in  any  part  of  a  compressed  air 
system,  and  also  to  find  to  what  temperature 
air  drawn  from  a  saturated  atmosphere  must 
be  cooled  in  order  to  cause  the  deposition  of 
moisture  to  commence,  the  following  discus- 
sion is  necessary,  as  no  correct  method  has 
heretofore  been  published  to  cover  the  situa- 
tion. 

In  order  to  obtain  the  desired  information, 
is  it  only  necessary  to  remember  a  well-known 
physical  law  which  covers  the  case  of  most 
mixed  gases  with  great  exactitude,  for  water 
vapor  is  merely  a  gas.  The  law  is  kno\yn  as 
"Dalton's  Law  of  Gaseous  Pressures,"  and 
may  be  stated  as  follows : 

"Every  portion  of  a  mass  of  gas  enclosed  in 
a  vessel  contributes  to  the  pressure  against 
the  sides  of  the  vessel  the  same  amount  that  it 
would  have  exerted  by  itself  had  no  other  gas 
been  present. 

In  other  words,  the  total  pressure  exerted 
against  the  interior  of  a  vessel  by  a  given 
quantity  of  a  mixed  gas  enclosed  in  it  is  the 
sum  of  the  pressures  which  each  of  the  com- 
ponent gases  would  exert  separately  if  it  were 
enclosed  alone  in  a  vessel  of  the  same  bulk,  at 
the  same  temperature. 

This  law  applies  to  mixtures  of  pure  air  and 
saturated  water  vapor,  and  in  order  to  de- 
termine the  maximum  weight  of  moisture  that 
can  be  held  in  suspension  by  one  pound  of 
pure  air  at  any  temperature  and  pressure  it 
is  merely  necessary  to  proceed  as  outlined  in 
what  follows. 

Letting  p2  represent  the  absolute  pressure  in 
lbs.  per  sq.  in.,  and  t  the  temperature  Fahren- 
heit, the  weight  in  lbs.  of  1  cu.  ft.  of  pure  air 
is  known  to  be  equal  to: 


2.698192  x 


459.2  +  * 

Also  letting  N  equal  the  volume  in  cubic  feet 
of  one  pound  of  pure  air  at  the  temperature,  t, 
and  pressure,  p2,  there  results  the  equation : 


1  =  NX  2.698192  X 


Pi 


. .  (Equation  1) 


459.2  +  t 
Now  w,  the  weight  in  lbs.  of  1  cu.  ft.  of  satu- 
rated steam  (or  water  vapor)  at  the  tempera- 
ture, t,  and  corresponding  absolute  pressure,  plt 
in  lbs.  per  sq.  in.,  has  been  shown  by  the  au- 
thor to  be  accurately  expressed,  in  accordance 


COMPRESSED  AIR. 
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with  the  average  values  given  by  the  most  re- 
liable authorities,  by  the  following  equation, 
for  all  conditions : 


Pi 


459.2 


1.6494  4- 


0.248  t 
850  —  t 


and  by  letting  W  represent  the  weight  of  N 
cubic  feet  of  saturated  steam  at  the  tempera- 


both  into  one  vessel  of  volume,  N,  keeping  the 
temperature  constant  at  the  value,  t,  the  re- 
sulting pressure,  by  Dalton's  law,  will  be  pa 
-j-  />,,  which  may  be  placed  equal  to  p,  thus : 


P  =  Pi  +  pi. 


.(Equation  3) 


W   will,    of    course,    represent   the    maximum 
weight  of  water  vapor  that  1  lb.  of  pure  air 


.BLE  I -A  TABLE  WITH  FORMULAS  GIVING  THE  WEIGHTS.  IN  LBS.  OF  1  CU  FT  OF  DRY  AIR.  OF  1  CU  FT.  OF  SATURATED  STEAM  OR  WATER  VAPOR 
AND  THE-  MAXIMUM  WEIGHT  OF  WATER  VAPOR  THAT  1  LB.  OF  PURE  AIR  CAN  CARRY  AT  ANY  PRESSURE  AND  TEMPERATURE.  (Copyngbi.  WO*. 
by   H.    M  -Prevost    Murphy.) 

us  Temperatures.   I,         Letllog   W   =  the   Maximum   Wt..   in   Lbs..   Water  Vapor,   that   1   Pound   of  Pure  Air 
Cao  CoDtalo.   wheo  the  Temperature  of  the  Mixture  Is  l.  and   the  Total,  or  Ob- 
ved.  Absolute  Pressure   In  Lbs.  per  Sq    Inch  Is  P.  the  Value  of  W,  Is: 
K  H 
W  =  (Exactly). 


Weight  of  1  Cu.  Ft.  Saturated  Stea 


1.325271  K  H 


(Exactly) 


Weight  of  1  Cu.  Ft.  Saturated  Steam  =  - 


158 


■  (Approximately). 


H 


H  Being  Equal  to  2.036  /.  (Gage  Pressure  +  Atmos. 
H.  K  and  t.  Having  Corresponding  Values  as  Given 

1.325271  M 
Weight  of  1  Cu    Ft.  Pure  Dry  Air  = 


the  Existing  Temperature  Belog  Given  by 
olume  of  Saturated 


Weight  of  1  Cu.  Ft. 

Dry  Air  =  

450  ♦   t 

(Approximat 

Weight  of  1  Cu.  Ft. 

Phi 

2.008102   P 

Dry  Air  =  

459.2  +  t 

(Exactly) 

Weight  of  1  Cu.  Ft. 

Pur 

27  P 

(Approximat 

M  Being  the  Absolu 
P  Being  the  Absolu 

e  Pressure  Measured  in  Incne 
e  Pressure    Measured    rh   Lbs 

s  of  Mercury 
per  Sq.   Inch 

The  Values  of  K   and  H  Co; 
the  Table. 

For  Any  Temperature  the  Value  of  K  (the  Ratio  of  the  Wt  of  a  Voluni' 
Stream  to  an  Equal  Volume  of  Pure  Dry  Air  at  the  Same  Temperat 
sure)  May  Be  Accurately  Computed  by  the  Following  Formula; 

0.092  t 

(Exactly). 


:5pondlng 


;  0.6113  + 


Note.— The  Results  Obtained  by  the  Use  of  Any  of  the  Above  Formulas  Agree  Exactly 
with  the  Average  Data  for  Air  and  Steam  Weights  as  Given  by  the  Most  Reliable 
Authorities  and  Careful  Experiments,  for  All  Pressures  and  Temperatures,  the 
Value  of  K  Being  Correct  for  All  Temperatures  up  to  tffe  Critical  Steam  Tem- 
perature of  689"  F. 
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376  3I477 

r-7  2 

2  35  ., 

64  7/ 

J9  061284 

33  -3 

330 

6697 

2    2   SU-4 

4343 

332  9J477 

6433 

27* 

64  73 

49  98 

63  '  7 

/08   7 

33- 

3  3  '5J37- 

634' 

385  51 477 

449  4 

22. 

66  75 

30.6  ■_ j 

286 

633:0 

//0.4 

7 '2 

.6  703 

2/6.4 

3  3 

683- 

390  2K474 

7029 

634  3 

24. 

.6477 

J-    83 

..'- 

63-32 

7/3.7 

331 

6707 

2/9.4 

3  •- 

6333 

394  91475 

7033 

463J 

6479 

32  77 

f/3    9 

J  34 

222  4 

33- 

^  33  - 

399  6B476 

.-  -  - 

243 

648/ 

3-3  72\269 

6S67 

//5  8 

333 

225  4 

33 

636 

V 2-24  2I42' 

.  7042 

.  •  •  / 

744 

6434 

34  69 

390 

6S90 

in j 

33* 

£7/£ 

228  5\382 

4863 

409  31433 

7046 

4*4  7 

74! 

6446 

33  £6 

6s~yZ 

1,9  3 

337 

23'  6\3S3 

2363 

-75 

69'   9 

246 

64S8 

Si  -  - 

292 

6-393 

121  2 

713 

6  -2 

274   A  334 

68  7. 

419-1 

477 

-755 

699  2 

24- 

6490 

3  7  69 

293 

■6397 

/23  1 

6724- 

237  91385 

,.-.*■  '3 

424  1 

43 

-349 

706  5 

241 

6492 

JS  7/ 

2*4 

6  6  20 

125  a 

340 

C7?7 

24  1  '  1336 

6309 

429  1 

-■••' 

-064 

7/3  9 

749 

6494 

39  76^293 

-.22 

/2S.9 

34 

6730 

244  31387 

6A32 

434  2 

433 

-06S 

721  4 

250 

6496 

■eaf/lzM 

342 

6  '33 

34  7  6\3Sa 

£4?34. 

439  3 

4" 

..  -  , 

728  9 

ture,  t,  and  pressure,  pu  there  results  the  equa- 
tion : 


459.2  + 1  \ 


0.248  t 


W  =    f  L6494  + 

850-  t 

By  taking  the  N  cubic  feet  of  pure  air  at 
pressure,  p2,  and  the  N  cubic  feet  of  saturated 
steam   at   the  pressure,   />,,   and   forcing   them 


can  contain  under  the  given  conditions  of  pres- 
sure and  temperature,  as  the  steam  considered 
)is  at  the  saturation  point.  To  obtain  the  de- 
...  (Equation  2)  sired  formuia  which  will  express  the  value  of 


W  in  terms  of  the  known  quantities  it  is  mere- 
ly necessary  to  divide  the  members  of  Equation 
2  by  those  of  Equation  1.  thus: 
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W      459.2 


Npt       I  0.248 1     \ 

(  1.6494  + ) 

59.2  +  t  \  H50  -  /    / 


P2 


=  (0.6113 


2.698192  N 

459.2  +  t 

which  may  be  simplified  by  division  to  give, 
0.092 1  \     pi 

850  —  /  /     Pi 
but  (by  Equation  3)  p2  =  p  —  pi  and  by  sub- 
stituting this  value  of  p2  in  the  above  equation 
there  results: 

/  0.092  t    \ 

"W  =  I  0.6113  + 


W 


0.092  t  \ 
850  —  *  / 
p.092f 


or, 


p—pi 


/  p.092  t    \        H 

■=  (  0.6113  + ) (Equation 

\  850  —  t   /2.0Mp-H 

where  H  represents  the  tension  of  saturated 
steam  (or  water  vapor)  at  the  temperature,  t, 
in  ins.  of  mercury. 

In  order  to  simplify  matters,  the  first  mem- 
ber of  Equation  4  may  be  placed  equal  to  K, 
thus : 

Kx  H 

W  ~  77Z. 7~        (Equation  5) 

2.036  p  —  H  ' 

The  values  of  K  and  H  corresponding  to  all 
ordinary  temperatures,  are  given  in  Table  I. 
That  is,  Equation  5  is  the  desired  simple  for- 
mula which  gives  the  maximum  weight,  W,  (in 
pounds)  of  water  vapor  that  one  pound  of 
pure  air  can  contain  when  the  total  or  observed 
absolute  pressure  in  pounds  per  square  inch  is 
p,  and  the  values  of  A*  and  H  correspond  to 
the  existing  temperature,  whatever  its  value 
may  be.  Table  I.  will  also  be  found  of  much 
practical  value  in  other  connections  by  noting 
that  H  is  simply  the  absolute  pressure  of  sat- 
urated steam  expressed  in  inches  of  mercury, 
the  absolute  pressure  in  lbs.  per  square  inch  be- 
ing readily  found  for  any  desired  temperature 
by  dividing  the  values  of  H  by  2.036;  also  K 
represents  the  ratio  of  the  weight  of  1  cu.  ft.  of 
saturated  steam  at  any  given  temperature  and 
corresponding  pressure  to  1  cu.  ft.  of  pure  air 
at  the  same  pressure  and  temperature. 

It  is  worthy  of  note,  as  demonstrated  in 
the  preceding  discussion  and  as  proved  by 
numerous  experiments,  that  the  ratio  just  re- 
ferred to  is  not  a  constant  but  has  a  different 
value  for  each  temperature,  consequently  all 
of  the  tables  heretofore  published  in  text- 
books and  hand-books  which  give  the  relative 
and  total  weights  of  air  and  water  vapor  and 


0 


of  the  mixture,  and  which  have  been  computerj 
on  the  erroneous  assumption  that  the  ratio  in 
question  is  a  constant,  are  not  to  be  relied  on 
with  any  degree  of  accurracy,  as  the  majority 
of  the  values  furnished  by  such  tables  are  far 
from  being  correct.  Table  II.  given  in  this 
article  is  figured  correctly  by  the  use  of  the 
exact  ratio  for  each  temperature  specified  and 
should  prove  of  much  value  in  all  moisture 
computations — some  of  its  uses  are  demon- 
strated by  the  last  two  examples  of  the  four 
which  will  now  be  given  to  illustrate  a  few  of 
the  important  practical  applications  of  Equa- 
tion 5  and  Tables  I.  and  II. 

SPECIFIC       APPLICATIONS        OF       FORMULAS       AND 
TABLES. 

Example  1. — How  low  must  the  relative 
humidity  be,  when  the  atmospheric  pressure 
is  14.7  lbs.  per  sq.  in.  and  the  outside  tem- 
perature is  6o°,  in  order  that  no  moisture  may 
be  deposited  in  any  part  of  a  compressed  air 
system  carrying  a  constant  gage  pressure  of 
90  lbs.  per  sq.  in.?  The  relative  humidity  of 
the  atmosphere  is,  of  course,  the  percentage 
of  moisture  which  the  air  contains  at  any 
particular  pressure  and  temperature  as  com- 
pared with  the  maximum  amount  which  it 
can   hold  under  the   same  conditions. 

Solution. — In  order  to  solve  this  problem 
it  is  merely  necessary  to  use  Equation  5  to 
determine  the  maximum  amount  of  moisture 
trat  1  lb.  of  pure  air  can  contain  at  90  lbs.  gage 
pressure  (or  104.7  lbs.  absolute  pressure)  and 
6o°  temperature  which  may  be  easily  done  by 
aid  of  Table  I.,  thus: 
and  to  find  the  maximum  weight  of  moisture 

K  H 

W  (at  104.7  lbs.)  = = 

2.036  p  —  H 


0.6183  X  0.5180 
2.036  v  104.7  -  0.5180 


=  .001506  lb.; 


but  in  order  that  no  moisture  may  be  deposited 
that  1  lb.  of  air  can  contain  at  6o°  temperature 
and    14.7    lbs.    absolute    pressure,    thus, 

K  H 

W  (at  14.7)  = 


2.036  p  -  H 

0.6183  X  0.5180 
2.036  X  14.7  —  0.5180 


=  .01089  1b.; 


in  the  system,  each  pound  of  pure  air  must  not 
contain  over  .001506  lb.  of  moisture,  and  there- 
fore the  relative  humidity  must  not  be  above 
the  following  value : 
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.001506 


.01089 


X  100  =  13.83%  •  •  .(Answer) 


This  example  shows  that,  unless  operating  in 
an  extremely  dry  climate,  some  moisture  is  sure 
to  be  deposited  in  the  system  and  that  this 
amount  depends  on  the  relative  humidity  of  the 
atmosphere  as  well  as  on  the  outside  tempera- 
ture and  the  pressure  carried  in  the  main  reser- 
voirs. 


contained    by    1    lb.    of   pure    air    at    14.7    lbs. 
pressure  and  70°  temperature,  by  aid  of  Table 
I.  and  Equation  5,  thus: 
KH 

2. 036  p—  H 

0.6196  X  0.7332 

«  0.01556  lb. 

2.036  X  14.7  —  0.7332 
then   the   temperature   to   which   the   air   must 
be  cooled  in  order  to  cause  the  deposition  of 


TABLE  II.— WEIGHTS,  IN  LBS.,  OF  PURE  DRY  AIR,  WATER  VAPOR  AND  SATU- 
RATED MIXTURES  OF  AIR  AND  WATER  VAPOR  AT  VARIOUS  TEMPERA- 
TURES, UNDER  NORMAL  ATMOSPHERIC  PRESSURE  OF  29.921  INS.  OF 
MERCURY  OR  14.6963  LBS.  PER  SQ.  IN.  ALSO  VALUES  OF  THE  ELASTIC 
FORCE  OR  PRESSURE  OF  THE  AIR  AND  VAPOR  WHEN  PRESENT  IN  SAT- 
URATED  MIXTURES.     (Copyright,   1908,   by  H.   M.-Prevost   Murphy.) 


Weight  of  One 
Cubic  Foot  of 
Pure  Dry  Air 

Saturated  Mixtures   of  Air  and  Water  Vapor 

Elastic  Force  of 
the  Water  Vapor 
or  Saturated 
Steam  in  Inches 
of  Mercury 

Elastic  Force  of 
the  Air  alone.when 
Saturated  with 
Water  Vapor  in  Ins. 
of  Mercury 

Weightof  the  Water 
Vapor  in  One  Cu.  ft. 
of  the  Mixture, or 
Wt.  of  One  Cu.ft.  of 
Saturated  Steam 

Weight  of 
the  Air  in  One 
Cubic  Foot  of 

the  Mixture 

Total  Weightof 

One  Cubic  Foot  of 

the  Mixture 

Weightof  Water 
Vapor  Mixed  with 
One  Pound  of 
Pure  Air 

0 

.086354 

.0439 

29.877 

.000077 

.086226 

.086303  ' 

.000898 

12 

.084154 

.0754 

29.846 

.000130 

.083943 

.084073 

.001548 

22 

.0824-05 

.1172 

29.804 

.000198 

.082083 

.082281 

.002413 

32 

.080128 

.181 1 

29.740 

.000300 

.080239 

.080539 

.003144 

42 

.079117 

.2673 

29.654 

.000435 

.078411 

.078  846 

.005554 

52 

.077569 

.3883 

29.533 

.000621 

.076563 

.011184 

.008116 

62 

.076081 

.5559 

29.365 

.000874 

.074667 

.075541 

.011709 

72 

.0  74649 

.7846 

29.136 

.00/2/3 

.072690 

.073903 

.016691 

82 

.073270 

1.092 

28.829 

.001661 

.070595 

.072256 

.023526 

■92 

.071940 

1.501 

28.420 

.002247 

.068331 

.070578 

.032877 

102 

.070658 

2.036 

27.885 

.002999 

.065850 

.068  849 

.045546 

112 

.069421 

2.731 

27.1 90 

.003962 

.063085 

.067047 

.062  806 

122 

.068227 

3.621 

26.300 

.005175 

.059970 

.065145 

.086285 

132 

.061 013 

4.750 

25.111 

.006689 

.056425 

.063114 

.118  548 

142 

.065957 

6.167 

23.154 

.008562 

.052363 

.060925 

.163508 

152 

.064878 

7.929 

21.992 

.010854 

.047686 

.058540 

.227609 

162 

.063834 

10.097 

19.824 

.013636 

.042  293 

.055929 

.322407 

172 

.062822 

12.149 

11.112 

.016987 

.036055 

.053042 

.47/146 

182 

.061843 

15.965 

J  3.956 

.02/000_ 

.028  845 

.049845 

.728012 

192 

.060893 

19.826 

IO.095 

.025  746 

.020545 

.046  291 

1.25319 

202 

.059972 

24.442 

5.479 

.0313  54 

.010982 

.042336 

2.85507 

212 

.059079 

29.921 

0000 

.037922 

.OOOOOO 

.031922 

Infinite 

Note.— Air  is  said  to  be  saturated  with  water  vapor  when  it  contains  the  maximum 
amount  possible  at  the  existing  temperature  and  pressure. 


Example  2. — When  compressing  air  into  a 
reservoir  carrying  a  constant  gage  pressure  of 
75  lbs.,  from  a  saturated  atmosphere  of  14.7 
lbs.  absolute  pressure  and  a  temperature  of 
70°,  to  what  temperature  must  the  air  be 
cooled  after  compression  in  order  to  cause 
the  deposition  of  moisture  to  commence  ? 

Solution. — To  answer  this  question,  first 
find    the    maximum    weight    of   moisture    con- 


moisture  to  begin  may  readily  be  found  by 
placing  this  value  of  0.01556  in  Equation  5 
together  with  the  value  of  />  equal  to  75 
-f-   14.7,   thus: 

_  KH  KH 

2.036  X  89.7  -  H       182.63  -  H 
2.842 

0r  #  — and   the   temperature  which 

0.01556  +  A 


497° 
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satisfies  this  equation  is  found  by  aid  of 
Table  I.  to  be  approximately  129°  F.  (An- 
swer. ) 

That  is,  in  this  case,  unless  the  air  be  cooled 
to  1290  before  being  drawn  from  the  main 
reservoirs  none  of  the  moisture  contained  by 
it  will  be  deposited  in  these  reservoirs,  so  that 
the  importance  of  reducing  the  temperature 
of  the  compressed  air  to  that  existing  outside 
is  clearly  seen,  for  all  of  the  excess  moisture 
will  be  deposited  while  the  air  in  this  case 
is  having  its  temperature  reduced  from  1290 
to  700   F. 

Example  3. — When  the  outside  temperature 
is  820  F.,  and  the  pressure  of  the  atmosphere 
is  14.6963  lbs.  per  sq.  in.,  the  relative  humidity 
being  100  per  cent.,  in  what  time  will  one  gal- 
lon of  water  be  deposited  in  a  main  reservoir 
when  the  air  is  cooled  to  820,  and  the  gage 
pressure  is  100  lbs.  per  sq.  in.,  when  a  com- 
pressor is  supplying  an  average  of  30  cu.  ft. 
of  the  moist  atmosphere  per  minute? 

Solution. — To  solve  this  problem  it  is  merely 
necessary  to  find  the  difference  between  the 
maximum  weight  of  moisture  mixed  with  I  lb. 
of  pure  air  at  the  two  pressures  concerned, 
the  temperature  being  820  in  both  cases.  For 
the  atmospheric  pressure  of  14.6963  lbs.  the 
desired  weight  may  be  computed  by  Equation 
5  and  Table  I.,  or  may  be  more  easily  found 
by  aid  of  Table  IT.,  which  gives  the  desired 
value  in  the  eighth  column  as  0.023526  lb.  For 
10  lbs.  gage  pressure,  the  weight  may  be  found 
by  Equation  5  and  Table  T.,  thus: 


W  = 


A'  H 

0.6211  X  1.092 


must  be  delivered  to  cause,  one  gallon  of  water 
to  be  deposited,  and  the  time  required  with  the 
30-cu.  ft.  compressor  will  be: 

5,719 

=    191    min.    (approx.)   =  3   hrs.,    U   min. 

30 

(Answer.) 

This  example  shows  clearly  that  a  large 
amount  of  moisture  may  be  deposited  in  a 
very  short  time,  under  certain  conditions,  and 
thus  emphasizes  the  importance  of  frequently 
draining  the  main  reservoirs,  which  if  not 
properly  attended  to  may  not  only  have  their 
air  storage  capacity  greatly  depleted  by  the 
presence  of  the  water,  but  may  in  time  become 
so  full  of  it  that  there  will  be  no  room  left 
for  the  deposition  of  additional  moisture  and 
consequently  the  radiating  system  will  be  ren- 
dered of  no  value. 

Example  4. — With  the  same  system  and 
under  the  same  conditions  as  those  stated  in 
Example  3,  what  is  the  loss  in  volumetric  effi- 
ciency of  the  plant  when  the  excess  moisture 
is  properly  trapped  in  the  main  reservoirs? 

Solution. — To  solve  this  problem  it  is  merely 
necessary  to  proceed  as  follows :  Table  II. 
shows  that,  before  compression,  each  pound  of 
pure  air  is  mixed  with  0.23526  lb.  of  water 
vapor  and  that  the  weight  of  1  cu.  ft.  of  the 
mixture  is  0.072256  lb.,  consequently  the 
volume  of  the  r  lb.  of  air  and  0.023526  lb.  of 
vapor  i« 


=  0.002918  lb 
2.036  X  114.0963  -  1.092 

and  therefore  the  weight  of  moisture  deposited 

by    each    pound    of    pure    compressed    air    is 

0.023526  —  0.002918  =  0.020608  lb.     Now  Table 

II.,  column  6,   shows  that  each  cu.  ft.  of  the 

moist     atmosphere     contains    0.070595     lb.     of 

pure  air,  therefore  the  number  of  cu.  ft.  that 

must  be  delivered  to  cause  1  lb.  of  water  to  be 

deposited  is : 

1  1 

x =  087.37  cu.  ft. 

0.070595      0.020608 

and  one  gallon  of  water  weighs  8.32  lbs.  (ap- 
proximately )  at  820  F.,  therefore  8.32  X 
687.37  —   5.71?  cu.  ft.  of  the  moist  atmosphere 


1.023520 


14.105  cu.  ft. 


0.072250 
Now  for  100  lbs.  gage  pressure  and  820  tem- 
perature, it  was  shown  in  Example  3  that  I 
lb.  of  pure  air  can  hold  only  0.002918  lb.  of 
water  vapor  in  suspension,  each  pound  of  air 
having  deposited  0.020608  lb.  of  water  in  the 
main  reservoir.  Also  Table  II.  shows  that 
the  weight  of  1  cu.  ft.  of  pure  water  vapor  at 
820,  and  at  the  corresponding  tension  of  1.092 
ins.  of  mercury,  is  0.001661  lb.,  consequently 
by  Dalton's  law  the  volume  of  the  mixture 
consisting  of  1  lb.  of  pure  air  and  0.002918  lb. 
of  saturated  water  vapor  (or  steam),  at  100 
lbs.  gage  pressure  is  the  same  as  that  of  the 
saturated  steam  alone  under  the  conditions 
just  mentioned,  that  is.  the  volume  of  the 
mixture  is : 


0.002918 


0.001001 


=  1.757  cu.   ft. 
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(This  value  may  easily  be  checked  by  finding 
the  pressure  in  inches  of  mercury  of  the  1  lb. 
of  pure  air  when  compressed  into  this  volume, 
which  when  added  to  .1.092  will  give  the  total 
pressure  of  the  mixture,  namely,  the  absolute 
pressure  in  inches  of  mercury  corresponding  to 
100  lbs.  gage  pressure.) 

Finally  (by  Marriotte's  or  Boyle's  law),  the 
volume  of  these  1.757  cu.  ft.  of  mixed  gas  at 
114.6963  lbs.  absolute  pressure  when  expanded 
to  atmospheric  pressure  will  be, 

ll4.<;903 

x  1.757  =  i:;.712  cu.   ft.; 

14.0963 

consequently  the  decrease  of  volume,  that  is, 
the  loss  of  volumetric  efficiency  is, 

0.453. 

14.1G5  —  1ST.712  =  0.453  cu.  ft.,  or  /  100 

14.185 
fc  ".2^.    (Answer.) 

This  example  shows  clearly  that,  particularly 
in  warm,  moist  climates,  there  is  a  very  appre- 
ciable loss  in  the  efficiency  of  compressors, 
due  to  the  condensation  of  water  vapor.  Of 
course  this  loss  is  unavoidable  in  railway  work, 
and  is  far  preferable  to  allowing  the  moisture 
to  pass  into  the  working  parts  of  the  system, 
but  in  stationary  work  where  reheaters  are 
used,  this  cause  of  decreased  efficiency  may  be 
obviated,  and  this  problem  should  be  of 
particular  interest  in  this  connection,  as  losses 
due  to  this  cause  have  not  been  carefully  con- 
sidered heretofore  and  yet  may  clearly  play  a 
very  important  part  in  the  economical  opera- 
tion of  compressed  air  plants. 


THE  DEHYDRATION   OF  AIR 

By   Joseph    H.    Hart. 

The  problem  of  the  dehydration  of  the  ordi- 
nary atmosphere  for  its  more  efficient  utiliza- 
tion in  commercial  or  engineering  develop- 
ments is  not  one  that  has  appealed,  as  yet,  to 
the  average  engineer  nor  one  with  which  he 
is  at  all  familiar.  The  small  proportion  of 
water  vapor  present  in  the  air,  although  with 
its  deleterious  effect  in  many  industries  still 
recognized,  has  generally  been  considered  of 
too  small  account  for  active  consideration  in 
regard  to  its  removal.  To-day.  however,  it 
is  generally  recognized  that  it  can  be  efficiently 
removed  by  a  number  of  different  processes, 
which  is  a  distinct  step  in  advance  in  many  in- 


dustries,  and   has   increased   the   efficiency   of 
their  processes  enormously. 

In  order  to  realize  the  extent  to  which  this 
development   has  progressed  and  its  possibili- 
ties in  future  installations,  we  will  cite  the  case 
of  blast-furnace  operation  for  the  manufacture 
of  iron.     The  application  of  dry-air  blast  ob- 
tained   by    means    of    refrigerating    machinery 
has    been    successfully    and    economically    em- 
ployed in  the  Pittsburg  district.     Isabella  furn- 
ace at   Etna.   Pa.,  produced  350  tons   of  iron 
with   2,147  pounds  of  coke  per  ton  of  output, 
and  consumed  approximately  40,000  cubic  feet 
of  air  per  minute.     The  refrigerating  plant  in- 
stalled consisted  of  two  ammonia  compressors 
of  a  nominal  capacity  of  225  tons  of  ice-melt- 
ing effect  each.     One  only  of  these  compres- 
sors  is    generally   operated,    and   the   other    is 
held  in  reserve  to  help  out  on  especially  humid 
days.     The  air  was  cooled  from  80  degrees  to 
about  28  degrees  F.,  and  the  moisture  content 
was  lowered  from  5.66  grains  per  cubic  foot, 
as   existing   in    a    special   test,   to    1.75    grains. 
The  air  handled  after  the  blowing  engines  were 
slowed  down,  on  account  of  increased  density 
and  removal  of  the  moisture,  was  34,000  cubic 
feet  per  minute.    About  ten  tons  of  water  was 
collected  from  the  air  per  day,  and  the  output 
was  increased  to  450  tons  of  iron,  with  a  coke 
consumption  of   1,729  pounds  per  ton  of  out- 
put.     The    blowers    were    slowed    down    from 
114  to  96  revolutions  per  minute,  the  air  was 
reduced  in  amount  as  stated,  and  the  indicated 
horse-power  of  the  blowers  from  2,700  to  2,- 
013;  thus  showing  a  saving  of  687  horse-power 
in  operating  the  blowing  engine.     As  the  re- 
frigerating    machinery     would     only    require 
about    530   horse-power   when   operated   at   its 
maximum    capacity,   the   saving   in   this   factor 
alone  was  considerable.  In  addition,  the  quali- 
ty of  the  iron  is  improved  and  can  be  made 
very  constant  in  character.     The  ore  and  fuel 
were   of  uniform   condition   formerly,   but   the 
humidity    of    the    air    was    very    variable.      It 
may  vary  in  one  day  from  20  per  cent,  to  100 
relative  humidity,  and  this  may  mean  a  varia- 
tion of  300  per  cent,  total  in  the  complete  water 
content   for  each  grain  of  water  vapour  pres- 
ent per  cubic  foot  of  air.     The  moisture  con- 
tent   which    passed    through    the    furnace    was 
approximately   40   gallons   of   water   per   hour, 
and   at   times   this   was   increased   to   over   300 
gallons. 

This  synopsis  of  exact  conditions  as  existing 
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in  one  special  development  will  show  the  great 
importance  and  possible  efficiency  of  the  pro- 
cess in  many  other  applications.  The  fact  that 
the  air  is  cooled  from  Ho  degrees  F  to  28  de- 
grees F.  during  this  process,  and  that  this  re- 
markable efficiency  can  be  shown,  is  a  matter 
for  much  further  surprise  and  speculation. 

Dehydrated  air  is  absolutely  necessary  in  the 
cotton  industry,  in  tobacco  warehouses  and  in 
tobacco  manufacture  in  general,  in  very  many 
of  the  great  storage  developments,  and,  as  is 
shown  above,  its  practical  application  in  the 
metallurigca!  industries  results  in  a  remarkable 
increase  in  efficiency.  Further,  to-day  air  is 
used  for  producing  cold  water  by  the  absorp- 
tion of  vapour  from  water  immediately  in  con- 
tact with  it,  with  the  consequent  cooling  of  the 
water  due  to  the  absorption  of  the  latent  heat 
of  evaporization  required  for  this  operation. 
Cooling  towers,  so  called,  are  extremely  com- 
mon in  many  refrigeration  installations,  since 
cold  water  is  absolutely  necessary  for  the  oper- 
ation of  the  condenser.  In  fact,  wherever  con- 
densers operate,  if  of  the  open-type  variety, 
they  are  much  increased  in  efficiency  by  satis- 
factory dehydration  of  the  air  and  the  conse- 
quent further  cooling  of  the  water.  A  remark- 
able condition  holds  in  regard  to  this  special 
development,  namely,  that  warm,  dry  air  has  a 
much  greater  cooling  effect,  due  to  its  absorp- 
tive power,  than  cold,  moist  air  used  under 
similar  conditions. 

The  moisture  content  of  the  air  is  a  very 
variable  quantity.  It  varies  with  locality  and 
with  its  contiguity  to  a  large  body  of  water. 
Temperature  variations  affect  its  value  very 
greatly,  and  it  is  very  variable  with  weather 
conditions  generally.  The  relative  humidity 
is  defined  as  the  ratio  of  the  quantity  of  mois- 
ture that  the  air  holds  per  given  unit  at  a  giv- 
en temperature  to  the  quantity  that  it  could 
hold  at  that  temperature  without  condensation. 
The  water  content  of  atmospheric  air  will 
vary'300  per  cent,  between  limitations  as  rep- 
resented by  February  and  June  conditions 
without  much  variation  in  relative  humidity. 

This  moisture  can  be  removed  by  any  of  a 
large  number  of  chemical  agents  known  as 
dehydrating  compounds.'  Sulphuric  acid  and 
calcium  chloride  are  the  chief  and  most  active 
of  these,  and  formerly  air  was  dried  very  sat- 
isfactorily by  being  blown  through  drums  filled 
with  calcium  chloride  or  allowed  to  bubble 
through   tanks   containing   sulphuric   acid.   For 


some  reason  or  other,  probably  on  account  of 
the  difficulty  of  handling  the  chemical,  if  cal- 
cium chloride,  and  the  deteriorating  effect  of 
sulphuric  acid  on  the  retaining  vessel  and  the 
machinery  in  general,  this  development  has  not 
been  general  in  its  utilization.  In  special  appli- 
cations, such  as  physical  and  chemical  labora- 
tories, where  dry  air  is  often  a  necessity,  in  the 
production  of  liquid  air  as  a  commercial  pro- 
cess and  in  a  number  of  other  minor  de- 
velopments, these  processes  have  been  devel- 
oped and  are  fairly  efficient. 

Undoubtedly  the  special  development  in  the 
blast  furnace,  where  dehydration  is  accom- 
plished through  refrigeration,  owes  a  very 
great  degree  of  its  efficiency  to  the  increased 
density  of  the  air,  as  well  as  to  the  removal  of 
the  moisture  content.  Air  kept  at  constant 
pressure  and  cooled  decreases  in  density  in 
direct  proportion  to  its  absolute  temperature 
fall,  and  it  can  be  readily  assumed  that  this 
development  in  iron-furnace  operation  will  be 
much  extended,  with  further  increase  in  effi- 
ciency, if  further  cooling  can  be  accomplished 
without  undue  loss  in  the  efficiency  of  that 
process.  In  this  development  it  is  undoubtedly 
the  cumulative  effect  of  these  two  effects  which 
results  in  the  remarkable  increase  in  efficiency 
as  shown. 

Air.  as  a  gemeral  dehydrating  agent,  will  not 
come  into  general  use  in  every  development, 
since  it  possesses  a  strong  competitor  in  the 
utilization  of  superheated  exhaust  steam  for 
the  performance  of  this  duty.  Many  woolen 
and  textile  mills  dry  their  fabric  by  this  appli- 
cation, with  very  satisfactory  results.  It  is 
more  efficient  and  more  readily  available  than 
dry  air,  on  account  of  its  higher  temperature 
and  large  water  absorptive  power,  since  the  to- 
tal moisture  content  increases  rapidly  with  rise 
in  temperature,  and  the  tendency  of  all  such 
materials  is  to  become  saturated  on  contact 
with  water. 

While  undoubtedly  blast  furnaces  could 
probably  remove  the  water  content  of  the  air 
by  means  of  any  of  the  dehydrating  agents, 
and  do  it  even  more  efficiently,  when  the  cost 
of  refrigerating  machinery  is  considered,  this 
application  is  by  no  means  limited  in  its  further 
development.  A  number  of  continuous  dehy- 
drating machines  utilizing  sulphuric  acid  or 
calcium  chloride  have  been  developed  to-day, 
notably  that  used  in  the  production  of  ice  by 
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means  of  the  vacuum  process,  whereby  water 
is  made  to  freeze  itself  by  the  rapid  evapora- 
tion in  a  vacuum  from  its  surface,  with  the 
further  absorption  by  sulphuric  acid  of  the 
vapour  as  fast  as  produced.  In  this  plant  the 
sulphuric  acid  is  carried  in  a  closed  cycle  con- 
tinuously in  a  very  efficient  process,  and  the 
further  application  of  this  development  for  the 
removal  of  the  moisture  from  the  blast  in  iron-/ 
furnace  operation  would  be  very  efficient  and 
could  be  accomplished  with  minimum  first  cost 
in  installation  of  plant.  The  real  application 
of  mechanical  refrigeration  in  this  develop- 
ment is  undoubtedly  the  compression  of  the 
air  with  increased  efficiency  through  the  in- 
crease in  density  both  on  account  of  the  re- 
moval of  water  vapour  and  on  account  of  low- 
ering of  initial  temperature  of  compression. 
Again,  the  compression  itself  is  accomplished 
much  more  effectively  with  high  air  density 
and  low  initial  temperature,  since,  if  accom- 
plished adiabatically,  the  final  exhaust  temper- 
ature is  much  diminished,  and  the  mean  oper- 
ating pressure  diminished  with  a  further  par- 
tial elimination  of  the  more  inefficient  portion 
of  the  stroke.  That  this  development  will  ex- 
tend to  the  preparation  of  air  for  compression 
before  its  production  by  means  of  the  air  com- 
pressor is  a  foregone  conclusion,  and  the  effi- 
ciency of  the  process  can  scarcely  be  conjec- 
tured, since  many  of  the  data  for  such  calcula- 
tion are  not  at  hand.  However,  it  must  be  born 
in  mind  that  this  problem — namely,  that  of  va- 
riation of  density  and  temperature  of  air — is  al- 
ways present  with  dehydration,  however  ac- 
complished. The  extent  to  which  the  moisture 
present  is  objectionable  can  be  readily  seen 
from  the  foregone  example,  and  undoubtedly 
many  future  possibilities  are  offered  for  this 
development.  In  all  vacuum  stills  where  the 
distillation  is  accomplished  at  temperatures 
lower  than  those  existing  under  normal  atmos- 
pheric pressure,  this  development  presents  pos- 
sibilities. In  sugar  refineries,  where  the  syrup 
is  boiled  down  at  diminished  temperature  by 
a  maintenance  of  a  vacuum ;  in  condensed 
milk  factories,  in  oil  refineries,  and,  in  fact, 
wherever  distillation  occurs  under  these  ab- 
normal conditions,  the  same  result — that  of  de- 
hydration of  this  material — can  be  accom- 
plished readily  by  blowing  dehydrated  air 
through  the  mixture.  Of  course,  sulphuric 
acid  can  be  substituted  for  the  absorption  of 
the  moisture  whenever  practicable ;  but  under 


the  example  cited  its  ultimate  removal  is  al- 
most impossible,  and  it  often  has  a  very  in- 
jurious effect  on  the  finished  product. 

In  a  general  way,  it  can  be  stated  that  the 
problem  of  air  dehydration  possesses  manifold 
applications.  The  utilization  of  refrigeration 
for  the  actual  dehydration  in  a  number  of 
specific  developments  will  have  the  sole  result 
ultimately  of  bringing  this  problem  to  the  at- 
tention of  the  average  engineer,  since  in  all 
probability  the  results  obtained,  while  accom- 
plished with  remarkable  efficiency  by  mechani- 
cal refrigeration,  can  undoubtedly  be  success- 
fully attained  by  much  more  efficient  processes 
of  dehydration. — Condensed  from  Cassier's. 


EFFECT    OF  AIR    IN    THE   CLARIFICA- 
TION OF  CANE  SUGAR 

Throughout  the  substance  of  the  sugar  cane 
there  exists  quite  a  large  amount  of  air  and 
other  gases,  produced  in  part  by  the  activities 
of  the  plant  and  in  part  introduced  through 
insect  punctures  and  other  injuries.  Also, 
when  a  normal  feed  of  cane  passes  between  the 
mill  rolls  there  is  entangled  a  vast  quantity 
of  air  intimately  mixed  with  the  fibre  when 
the  bagasse  expands  like  a  squeezed  sponge  as 
it  is  relieved  from  the  pressure.  Even  when 
maceration  water  is  plentifully  used  upon  this 
half-dry  bagasse,  and  applied,  as  quickly  as 
possible,  not  nearly  all  this  air  is  driven  out, 
as  can  be  plainly  shown  by  squeezing  a  hand- 
ful of  it  under  water. 

Now,  when  this  partly  air-filled,  wet  bagasse 
reaches  another  mill  the  air  and  liquid  are 
together  subjected  to  the  enormous  pressure  of 
the  hydraulics  (a  pressure  often  still  great- 
er with  a  rigid  mill)  with  the  result  that  a 
very  large  part  of  the  air  is  actually  dissolved 
in  the  juice  by  the  pressure,  precisely  as  soda 
water  is  charged  with  gas ;  and  juice  being 
more  viscous  it  requires  a  much  longer  time 
for  the  air  to  escape  on  standing  than  for  the 
gas  to  separate  from  carbonated  water. 

Before  an  accurate  spindle  reading  can  be 
made,  mill  juice  must  stand  for  some  time  for 
the  froth  to  rise,  but  if,  after  all  this  froth 
has  separated,  a  portion  of  the  underlying  and 
foam-free  juice  is  drawn  into  a  narrow  test 
tube  and  the  air  above  it  is  exhausted  by  suc- 
tion or  otherwise,  the  reduced  pressure  will 
immediately  cause  to  escape  to  the  surface  a 
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second  cloud  of  minute  air  bubbles;  and  if 
heat  is  then  applied  while  a  slight  vacuum  is 
still  maintained,  all  the  remaining  air  is  re- 
moved. 

Cane  juice  as  it  comes  from  the  mill  always 
contains  a  large  amount  of  air  both  as  air  bub- 
bles (froth)  and  in  actual  solution;  and  the 
length  of  time  between  the  escape  of  the  juice 
from  the  mill  and  its  entry  to  the  juice  heater, 
clarifier,  or  other  defecating  apparatus  is  too 
short  to  allow  any  measurable  amount  of  this 
entrapped  gas  to  escape.  This  slowly  escaping 
air  is  the  sole  cause  of  the  "capa"  or  blanket 
that  forms  on  the  surface  of  the  open  clarifier, 
and  would  otherwise  be  precipitated  to  the 
bottom  as  a  heavy  mud. 

Each  minute  bubble  of  air  attaches  itself  as 
it  forms  to  a  particle  of  scum,  and  these  bub- 
bles, expanding  as  the  heat  increases,  bring 
the  impurities  to  the  top  with  them.  Many 
houses  using  heaters  and  high  temperatures 
for  the  juices  with  open  vessels  for  settling, 
are  sometimes  compelled  to  boil  the  juice  in 
these  vessels  to  eliminate  the  air  and  secure  a 
separation  of  the  impurities.  If  the  air  and 
gases  should  be  quickly  and  completely  re- 
moved between  the  heater  and  the  open  set- 
tling vessels  the  quality  and  effectiveness  of  the 
defecation  would  be  greatly  improved. 

If  passed  through  a  juice  heater  the  imme- 
diate effect  of  higher  temperature  is  to  release 
a  large  part  of  the  air,  but  if  kept  under  any 
considerable  pressure  all  of  it  cannot  escape, 
or  only  slowly ;  and  in  the  modern  closed  de- 
fecation under  pressure  this  slow  release  of 
gases  subsequent  to  passage  through  a  super- 
heater causes  trouble,  for,  in  a  pressure  sepa- 
rator, the  evolution  of  gas  takes  place  through- 
out the  whole  body  of  the  liquor  and  the  ris- 
ing bubbles  interfere  by  their  upward  motion 
with  the  downward  travel  of  the  scum  or 
cachaza,  and  slow  the  subsiding  process  seri- 
ously ;  also,  at  the  bottom  of  any  tank  used  for 
seperation  of  the  mud,  the  air  will  be  trapped, 
collecting  in  large  bulk  until  some  momentary 
disturbance  will  cause  it  to  break  loose  and 
carry  with  it  masses  of  solid  impurities  into 
the  separated  juice. 

One  is  led  to  the  conclusion  that  removal  of 
the  air  must  be  effected  by  some  form  of  ap- 
paratus which  will  expose  the  hot  air-charged 
juice  to  reduced  pressure  in  an  expansion 
chamber  and  at  the  same  time  spray  it  in  a 


manner  to  insure  immediate  separation  of  the 
gases. 

This  should  be  done  in  an  apparatus  virtually 
consisting  of  a  shell  of  wrought  iron  receiving 
the  hot  juice  within  it  through  a  perforated 
pipe  or  sprayer,  combined  with  a  surface  con- 
denser enclosed  in  the  expansion  chamber, 
formed  of  tubes  through  which  cold  juice  cir- 
culates on  its  way  to  the  heater,  and  the  ex- 
pansion chamber  having  connections  with  a 
vacuum  condenser  for  taking  away  the  air  and 
gases. 

The  water  from  condensation  of  the  steam 
can  be  readily  trapped  off,  representing  so 
much  evaporation,  and  after  passing  through 
such  an  apparatus  the  juice,  entirely  air-free, 
will  deposit  its  impurities  quickly  and  com- 
pletely if  the  liming  has  been  properly  at- 
tended to. — Louisiana  Planter. 


PRACTICAL  PNEUMATIC   MILKING 

As  we  have  to  do  with  everything  pneumatic 
it  comes  entirely  within  our  province  to  de- 
scribe the  interesting  apparatus  shown  in  the 
accompanying  half-tone.  Instead  of  being  a 
compressed  air  apparatus  this  is  operated  by 
vacuum,  produced  and  maintained  by  a  small 
air  pump  which  may  be  driven  by  an  electric 
motor  or  otherwise,  as  most  convenient. 

The  system  of  milking  embodied  in  this  ap- 
paratus is  far  and  entirely  beyond  the  experi- 
mental stage  and  is  in  established  and  ex- 
tensive use,  giving  complete  satisfaction  where- 
ever  installed,  besides  showing  substantial  sav- 
ings in  the  ultimate  cost  of  operations. 

The  partial  vacuum  used  with  the  milking 
machines  is  about  one-half  atmosphere.  The 
pump  used  is  of  the  vertical,  single-acting  type, 
placed  in  any  convenient  location,  and  a  line 
of  1%  or  iJ/2-inch  pipe  is  led  along  by  the 
stalls,  with  branches  suitably  located  for  con- 
necting between  each  pair.  A  vacuum  reser- 
voir tank,  a  safety  valve  and  two  vacuum 
gages   are    included    in    the    installation. 

The  milking  machine,  as  it  may  be  called, 
consists  of  a  strong,  heavily  tinned,  steel  pail 
Fig.  I,  weighing  about  12  pounds  and  holding 
about  55  pounds  of  milk.  The  pail  is  smaller 
at  the  top  than  at  the  bottom,  with  a  metal 
cover  fitting  loosely,  but  resting  on  a  soft 
rubber  gasket  which  makes  an  air-tight  joint. 
A  nipple  projecting  from  the  cover  connects 
the  pail  through  a  suitable  hose  with  a  branch 
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cock  in  the  piping  system.  The  cover  contains 
an  automatic  pulsating  mechanism,  and  at- 
tachecf*  to  it  are  two  lever  handle  cocks,  each 
of  which  is  connected  by  a  rubber  tube  3^ 
feet  long  to  a  small  metal  connection  with  four 
outlets,  from  each  of  which  a  short  rubber  tube 
leads  to  a  teat  cup  provided  with  a  rubber 
mouthpiece  to  fit  around  the  base  of  the  teat. 
When  these  are  slipped  on  over  the  teats  they 
are  held  in  place  by  the  suction  until  removed 
by  the  operator.  These  teat  cups,  with  their 
rubber  mouthpieces,  are  made  in  several  dif- 
ferent sizes  to  fit  different  sized  teats,  and  the 
chief  skill  or  judgment  required  of  the  opera- 
tor is  choosing  the  proper  sizes.  The  pulsator, 
mounted  on  the  cover,  imitates  the  sucking  of 
the  calf,  the  teat  cups  first  connecting  with  the 
vacuum  maintained  in  the  pail,  thus  drawing 
the  milk  from  the  teat ;  and  next  breaking  the 
vacuum  and  allowing  a  fresh  flow  of  milk 
into-the  teat.  The  vacuum  is  again  created  in 
the  cups,  an  additional  portion  of  milk  goes 
into  the  pail,  and  so  on  continually,  until  the 
milk  is  all  drawn. 

Each  milk  pail   is  connected  to  the  vacuum 


FIG.   I.  VACUUM  MILKING  APPARATUS. 


mains-  and  also  to  two  cows,  as  shown  in 
Fig.  2.  The  milk  pail,  as  was  said,  holds  about 
five  gallons,  is  air  tight  and  the  milk  is  not 
exposed  to  the  air  until  it  goes  to  the  strainers. 

An  operator  usually  attends  to  four  cows  at  a 
time,  and  the  work  is  done  in  about  the  same 
time    that    the    hand    operation    would    require 


COW-MILKIVG  MACHINES  IN  USE  IN  A  NEW    YOHK  STATE    DAIRY. 

for  one  cow,  this  time  varying  of  course  as  the 
cow  milks  hard  or  easy.  The  cow.-  do  not 
seem  to  be  in  any  way  injuriously  affected  by 
the  use  of  the  machine:  in  fact  it  is  said  that 
after  a  cow  has  been  milked  by  the  machine  for 
a  few  weeks  she  will  nio-t  strenuously  resent 
the   hand  proce>-. 
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The  man  in  charge  cleans  off  the  cow's  teats 
and  after  attaching  the  milk  pail  to  the  main 
the  cups  are  slipped  over  the  teats  and  the 
milking  begins.  Passing  from  cow  to  cow  he 
thus  starts  the  apparatus  at  work,  and  then 
simply  keeps  watch  to  see  when  the  milk  stops 
flowing,  which  is  shown  in  a  glass  tube  on  the 
milk  line,  when  he  removes  the  cups  and  goes 
to  another  cow.  Sometimes  during  the  fly  sea- 
son the  cow  will  dislodge  the  cups,  in  which 
case  the  man  in  charge  has  to  replace  them. 
This  is  about  all  he  has  to  do  in  the  matter, 
so  far  as  the  milking  is  concerned. 

Fig.  2  is  from  an  installation  in  the  New 
York  dairy  region  showing  the  milkers  in  oper- 
ation. The  second  and  third  cows  from  the 
right  in  this  picture  have  been  machine  milked 
for  over  five  year-.  The  second  one  is  now 
giving  a  little  over  50  pounds  of  milk  per  day. 

These  milker?  with  all  appurtenances  are 
built  by  D.  H.  Burrell  &  Co.,  Little  Falls,  X.  Y. 
A  typical  outfit  for  a  certain  dairy  cost  the  user 
all  installed,  but  without  the  electric  motor, 
less  than  $275.  The  cost  of  operating  it,  with 
current  at  6  cents  per  kilowatt-hour,  is  about 
$6  a  month,  and  the  plant  will  take  the  place 
of  two  men  on  a  dairy  farm  caring  for  30  to 
50  cows. 


pressure   also   can  be   made   practically 
tight. 


bottle 


JOINTS  AND  FITTINGS  FOR  HIGH 
PRESSURE  AIR 

By  H.  V.  Haight.* 
In  a  pneumatic  haulage  plant  where  air 
pressures  of  700  to  1.200  pounds  per  square 
inch  are  employed  the  detail  work  of  the  de- 
sign is  largely  a  problem  of  joints,  valves  and 
pipe  fittings.  Only  ordinary  care  and  good 
judgment  are  needed  in  the  design  of  these 
details ;  it  is  the  common  experience  in  coal 
mines  that  with  a  pneumatic  haulage  system 
which  has  been  carefully  designed,  con- 
structed and  erected,  there  is  actually  less 
trouble  from  leakage  with  air  at  1,000  pounds 
pressure  than  with  ordinary  systems  using 
air  at  100  pounds  pressure.  A  plant  consist- 
ing of  an  air  compressor,  an  extensive  system 
of  piping  with  valves  and  fittings,  and  several 
locomotives  can  be  made  practically  bottle 
tight  with  air  at  1,000  pounds  pressure  without 
undue  trouble  or  expense.  This  being  the 
case,  it  would  appear  that  with  reasonable 
care  a  compressed-air   system   for    100  pounds 
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*Chief   Engineer,   Canadian  Rand  Company. 


It    is    hoped    that    a    description    of    fittings 
which   have  been   successfully  used   for  high- 
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FIO.  lit.    engineer's  end  single  tank  locomotive. 


pressure  air  will  be  of  assistance  to  those  who 
wish  to  improve  existing  piping  systems,  or  to 
install  new  systems;  whether  for  ordinary  or 
for  high   air   pressures. 

The  fittings  which  I  purpose  to  describe 
are  most  of  them  used  in  connection  with 
Rand    Company    for    coal    mines    in    western 


Canada.  A  pneumatic  haulage  plant  consists 
essentially  of  an  air  compressor,  a  pipe  line, 
n -id  for  both  storage  and  distribution,  and 
one  or  more  locomotives. 

THE   COMPRESSOR   PLANT. 

For    coal   mines   this    usually    consists   of   a 
duplex  steam-driven  compressor  with  its  boil- 


FIG.    IV.     SIDE  VIEW   OF  LOCOMOTIVE  UNDER  TEST. 
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ers  and  auxiliaries.  The  air  end  is  four-stage ; 
the  terminal  pressure  is  about  1,000  pounds 
per  square  inch  and  the  intermediate  pressures 


are  about  25,  100  and  375  pounds,  respectively. 
The  steam  cylinders  have  usually  balanced 
Meyer  valves ;  although  the  Pacific  Coal  Com- 
pany, near  Banff,  has  a  compressor  with 
compound  Corliss  steam  cylinders.  Fig.  I 
shows  a  compressor  having  duplex  Meyer 
steam  cylinders  and  four-stage  air  cylinders. 

THE    PIPE    LINE. 

The  compressed  air  is  delivered  into  the 
pipe  line  which  serves  both  for  storage  and 
for  distribution.  Pipe  is  cheaper  than  tanks, 
even  if  it  is  used  only  for  storage,  and  when 
large  pipe  can  be  used  for  both  storage  and 
distribution  it  is  evidently  very  much  cheaper 
than  separate  storage  tanks  and  small  dis- 
tributing pipe.  At  suitable  places  along  the 
pipe  line  are  located  charging  stations  for 
rilling  the  tanks  on  the  locomotives.  When 
the  tank  is  connected  to  the  pipe  line  and  the 
valve  is  opened  the  pressure  is  equalized  at 
about  800  pounds.  With  1,000  pounds  pressure 
in  the  storage  line,  150  pounds  pressure  re- 
maining in  the  locomotive  tanks  and  with  a 
capacity  ratio  of  pipe  line  to  tank  of  4  to  1 
the  pressure  should  equalize  at  830  pounds. 

THE    LOCOMOTIVES. 

Pneumatic  locomotives  are  shown  in  Figs. 
2,  3  and  4.  The  locomotive  carries  either  one 
or  two  high-pressure  tanks  in  which  air  is 
stored  at  800  pounds  pressure.  From  the 
storage  tanks  it  passes  through  a  series  of 
stop  and  reducing  valves  to  the  auxiliary  reser- 
voir  where  the  pressure  is  maintained  at  about 
i.qo  pounds.  Thence  the  air  is  admitted  by 
the    throttle   to   the   cylinders. 

COMPRESSOR     JOINTS. 

The  high-pressure  fittings  and  joints  of  the 
air  compressor  are  nearly  all  used  in  connec- 
tion with  the  tank  containing  the  three  and 
four-stage  cylinders.  A  longitudinal  section 
of  this  tank  is  shown  in  Fig.  5.  This  shows 
one  of  the  first  machines  built;  on  later 
machines  the  pipes  connecting  the  intercooler 
to  the  heads  have  been  placed  outside  the 
tank  for  convenience  of  access.  Fig.  6  shows 
a  cross  section  of  the  tank  on  one  of  the  later 
machines.  Referring  first  to  the  plunger  pack- 
ing. Fig.  5  shows  plungers  packed  with  both 
piston  rings  and  stuffing  boxes;  on  the  later 
machines  the  piston  rings  were  omitted  as  un- 
necessary. A  section  of '  the  fourth-stage 
stuffing  box  and  details  of  the  packing  ring 
and  oiler  ring,  or  "lantern,"  are  shown  in 
Figs.   7  and  8. 
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FIG.   VII.     FIVE-INCH    PLUNGER   PACKING. 
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FIG.  IX.     REVISED  LAYOUT  OF  STUD  HOLES  IN 
A  TUBE  PLATE. 


12  Holes        « 


1-5H  Oiler  Ring, 
Red  Brass 


Full  Size  Section 
of  Packing  Rings. 


Note: 


ry  Alternate  King  on 
Outside  ol  Ked  Brass 
17-  5  Iuside  Kiugs    >   2  lbs.  Genuine  Bbt. 
8-  5  Outside  Kings  j  1  lb.  Lead 
S-  5  Outside  Kiugs  -   Bed  Brass 


FIG.  VIII.      DETAILS  OF  OILER  AND  PACK- 
ING RINGS. 


FIG.  X.      DETAILS  OF  AN   ELBOW   AND    COMPANION    FLANGE  OF  A    BALL    AND  SOCKKT  .JOINT 


It  will  be  seen  that  the  inner  rings  are  all 
of  soft  babbitt  (two  pounds  of  genuine  bab- 
bitt to  one  pound  of  lead)  while  half  of  the 
outer  rings  are  of  babbitt  and  the  rest  of  red 
brass.  If  the  outer  rings  were  all  of  babbitt 
they  would  wedge  against  the  outer  wall  so 
tightly  that  it  would  be  very  difficult  to  re- 
move the  packing.  On  the  first  machine  the 
plungers  were  simply  turned  smooth,  but  the 
erecting  engineer  reported  that  the  packing 
wore  away  quite  rapidly  until  the  plungers 
had  begun  to  wear  smooth.    On  later  machines 


the  plungers  were  ground  and  gave  no  trouble. 
This  packing  has  given  excellent  results  on 
large  plungers.  The  position  of  the  oiler  ring 
may  perhaps  be  criticized  and  it  would  prob- 
ably be  better  to  place  it  nearer  the  stuffer. 
Plastic  packing  was  also  tried  with  these 
plungers.  Three  grades  of  commercial  plastic 
packing,  each  consisting  of  grains  of  soft  alloy 
packed  in  "sausages,"  were  tried  on  a  small 
machine  with  a  2-^-inch  plunger.  Two  of  the 
packings  would  not  hold  a  pressure  of  800 
pi  mnds;     the    third    kind    proved    satisfactory 
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on  small  plungers.  This  space  for  packing  was 
the  same  as  for  metallic  rings ;  namely, 
yg-'mch  all   around   the  plunger. 

This  same  kind  of  plastic  packing  was  after- 
ward used  on  large  five-inch  and  nine-inch 
plungers,  but  the  space  for  the  packing  was 
made  ^4  inch.  In  this  case  it  did  not  give 
altogether  satisfactory  results ;  there  was 
liable  to  be  a  little  more  packing  on  one  side 
of  the  plunger  than  on  the  other,  and  the 
stuffer  could  not  be  screwed  up  hard  enough 
to  pack  it  all  around.  The  use  of  a  few 
rings  of  soft  packing  in  conjunction  with  the 
plastic  metallic  packing  might  distribute  the 
pressure  evenly  and  overcome  the  difficulty ; 
or,  it  may  be,  if  only  Y$  or  Vl-inch  space 
were  allowed  for  the  packing  the  stuffer  could 
be  screwed  up  tight  enough  to  distribute  the 
packing  equally  around  the  plunger.  On  the 
whole,  however,  babbitt  rings  have  been  more 
satisfactory    for    large    plungers. 

The  intercooler  shown  below  the  cylinders 
carries  a  working  pressure  of  375  pounds 
per  square  inch.  It  consists  of  copper  tubes 
i/4  inch  outside  diameter  and  about  1-16  inch 
thick,  expanded  into  steel-tube  plates  ~/$,  inch 
thick.  These  tube  plates  are  secured  by  studs 
to  headers.  Referring  to  the  cross  section. 
Fig.  6,  it  will  be  seen  that  at  each  corner 
of  the  plate  there  is  a  stud  which  comes  almost 
exactly  in  the  corner.  Professor  Sweet's  rule 
in  regard;  to  placing  studs  on  a  rectangular 
plate  such  as  this  is:  "The  studs  should  not 
be  placed  right  in  the  corners."  As  a  matter 
of  fact,  with  the  arrangement  shown  the  cor- 
ners bent  down,  causing  leakage.  The 
layout  of  studs  was  changed  to  that  shown 
in  detail,  Fig.  9,  which  gave  no  farther  trouble. 
The  gasket  between  the  tube  plate  and  header 
is  made  of  copper  wire  about  3-16  inch  in 
diameter.  A  good  grade  of  sheet  packing 
might,  however,  serve  the  purpose  all  right. 

A  rather  peculiar  difficulty  was  experienced 
with  the  tubes  of  one  of  these  intercoolers. 
In  this  case  the  tubes  were  made  of  brass,  and 
although  they  stood  the  water  test  at  the 
simps  all  right,  it  was  reported  when  the 
machine  was  started  that  some  of  them  were 
cracked.  The  matter  was  taken  up  with  the 
manufacturers  of  the  tubes,  and  their  expla- 
nation was  that  the  tubes  were  not  annealed, 
that  we  did  not  specify  annealed  tubes,  or 
state  what  thev  were  to  be  used  for,  and  that 
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FIG.  XI.     A   HIGH-PRESSURE  CHECK  AND 
STOP  VALVE. 
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they  had  sent  us  unannealed  tubes.  They 
stated  that  these  were  liable  to  crack  in  transit, 
or  even  in  the  store-room.  We  could  not 
imagine  any  purpose  for  which  such  tubes 
would  be  suitable,  and  concluded  that  in  future 
it  would  be  safest  to  use  copper  tubes. 

COMPRESSOR      FITTINGS. 

The  fittings  shown  in  Fig.  6  may  next  be 
described.  A  very  convenient  fitting  is  the 
ball  and  socket  joint  with  loose  flange,  shown 
where   the   high-pressure   inlet   is  attached   to 
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the  elbow  outside  the  tank,  and  also  where 
the  high-pressure  discharge  is  attached  to  the 
head..  A  detail  of  the  elbow  and  companion 
flange  is  shown  in  Fig.  10.  The  thread  is 
not  subjected  to  air  pressure,  so  it  is  made 
straight  and  the  flange  screwed  on  by  hand. 
As  the  joint  is  against  the  end  of  the  pipe, 
there  is  only  one  joint  instead  of  two  or  three 
,  as  in  the  case  of  an  ordinary  companion 
flange.  The  ball  and  socket  feature  makes 
the  joint  tight  even  if  the  parts  are  not  in 
line.  The  flange  being  loose  can  be  readily 
removed  when  it  is  necessary  to  take  that  off 
the  side  cover  of  the  tank.  It  is  this  feature 
in  particular  which  makes  this  joint  so  con- 
venient where  it  is  necessary  to  slip  anything 
over  the  end  of  the  pipe  before  the  joint  is 
made.  Extra  heavy  pipe  was  used  in  making 
these  joints  in  order  to  have  sufficient  thick- 
ness left  after  threading.  Seamless  tubing 
would  probably  be  better  than  lap-welded 
pipe,  as  there  would  be  no  seam  coming  right 
in  the  joint.  However,  extra  heavy  pipe  did 
not  give  any  particular  trouble  on  this  account. 
It  will  be  noted  that  the  radius  at  the  end  of 
the  pipe  is  made  slightly  less  than  the  radius 
of  the  corresponding  socket.  This  gives  in 
effect  a  line  contact  at  the  smallest  diameter 
of  the  joint  so  that  it  is  not  necessary  to 
screw  up  the  bolts  very  tight  in  order  to  de- 
velop sufficient  pressure  between  the  opposing 
surfaces  to  hold  the  air  pressure.  It  may 
be  asked  why  the  companion  flange  to  the 
check  valve  was  not  made  in  the  same  way. 
The  reason  is  that  the  latter  is  a  field  joint 
and  it  would  not  be  convenient  to  have  the 
end  of  the  pipe  specially  threaded  and  faced. 
It  will  be  noted  that  the  stuffing  boxes  for 
the  pipes  are  made  separate  from  the  side 
covers  for  the  tank.  On  the  first  machine 
the  stuffing  boxes  were  cast  on  the  covers, 
but  it  was  found  that  after  the  cylinders 
were  assembled  in  the  tank  the  pipes  did 
not  always  come  right  in  line  with  the  stuffing 
boxes.  The  covers  are  now  cast  plain,  and  are 
drilled  for  the  pipes  after  the  other  parts  are 
assembled  and  the  pipes  located. 

The  style  of  check  valve  shown  in  the  dis- 
charge pipe  is  used  with  slight  modifications 
for  either  a  stop  or  a  check  valve  on  com- 
pressor, pipe  line  and  locomotive.  A  section 
of  one  of  these  valves  is  shown  in  Fig.  11,  and 
it  will  be  seen  that  it  is  the  same  style  as  an 
ordinarv    locomotive   check    valve.      The    stem 
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FIG.  XIII.     A    FLANGE  UNION  FOR  IOOO   POUNDS 
AIR  PRESSURE. 

may  be  used  to  turn  the  disk  and  thus  grind 
out  any  dirt  which  may  have  lodged  on  the 
seat,  or  the  valve  may  be  locked  shut.  When 
used  as  a  stop  valve  the  hexagon  on  the 
stem  is  turned  off  round.  The  stem  of  a 
stop  valve  of  this  style  gave  way  under 
pressure,  shortening  and  increasing  in  diam- 
eter and  changing  the  pitch  of  the  thread. 
The  stem  that  failed  was  made  of  yellow  brass 
liar.  It  was  replaced  by  a  cast-bronze  stem 
which  stood  all  right.  The  stress  in  the  stem 
where  it  failed  figures  out  about  4.000  pounds 
per  square  inch  with  800  pounds  pressure. 
The  bodies  are  made  of  red  brass  and  the 
stress    in    the   body   at    T,    assuming   the    shape 
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to  be  spherical,  figures  out  2,000  pounds  per 
square  inch.  Neither  of  the  above  stresses 
were,  however,  figured  out  when  the  valves 
were  designed ;  they  were  simply  proportioned 
according  to  the  judgment   of  the  designer. 

PIPE    LINE    FITTINGS. 

As  explained  above,  quite  large  pipe  is  used 
in  order  to  act  as  storage ;  the  sizes  most  com- 
monly employed  being  4,  5,  or  6-inch.  Very 
much  smaller  pipe  would  do  simply  to  transmit 
the  air,  so  that  it  is  customary  to  use  1^  to 
3-inch  pipe  from  the  compressor  to  a  point  out- 
side the  engine  room  where  the  large  pipe 
begins.  Small  pipe  is  also  used  where  it  is 
necessary  to  pass  under  and  over  the  railroad 
track,  or  at  any  place  where  it  would  be  diffi- 
cult to  get  around  with  large  pipe.  Fig.  12 
shows  two  different  styles  of  pipe  caps  or  re- 
ducing couplings  for  connecting  6-inch  pipe 
to  2*/2-inch  pipe.  The  companion  flange  for 
the  flange  connection  is  made  the  same  as  the 
one  shown  on  the  check  valve  in  Fig.  6.  For 
this  small  connecting  pipe  extra  heavy  pipe 
and  steel  ammonia  elbows  are  used. 

As  there  is  usually  at  least  a  mile  of  large 
pipe,  the  question  of  cost  becomes  an  im- 
portant one;  while  extra  heavy  pipe  would 
doubtless  be  quite  satisfactory,  it  is  stronger 
than  necessary,  and  is  quite  expensive.  Stand- 
ard pipe  is  hardly  strong  enough.  There  is, 
however,  a  grade  of  pipe  between  standard 
pipe  and  extra  heavy  known  as  full-weight, 
or  line  pipe.  What  is  known  as  standard  pipe 
is  actually  about  10  per  cent,  lighter  than  the 
weights  given  in  standard  lists.  Full  weight, 
or  line  pipe,  is.  however,  of  the  dimensions 
and  weights  shown  in  lists  for  standard  pipe. 
(This  is  the  explanation  a  pipe  salesman  gave 
me.)  This  does  for  storage  pipe  very  well, 
although  there  have  been  a  couple  of  instances 
where  'some  lengths  of  this  pipe  split  in 
service.  In  one  case  a  piece  of  5-inch  pipe 
carrying  900  pounds  pressure  burst  in  cold 
weather  without  apparent  cause.  In  another 
case  a  car  ran  into  a  4-inch  pipe  carrying  850 
pounds.  It  broke  where  it  was  struck  and 
also  at  the  end,  five  lengths  beyond  where  it 
was  struck.  The  results  of  the  split  were 
not,  however,  very  serious.  The  H.  K.  Porter 
Company  got  a  special  pipe  for  this  purpose 
made  from  selected  skelp  and  very  carefully 
worked.  This  seems  to  give  most  satisfactory 
results. 

The    couplings    used   are   of   a    special    type 


made  extra  heavy  with  long  threads  and  re- 
cessed for  calking  with  lead.  If  the  pipe  is 
screwed  up  properly  there  are,  however,  no 
joints  which  it  is  necessary  to  calk  with  lead. 
When  screwing  up  4-inch  pipe,  for  instance, 
there  will  be  a  gang  of  about  seven  men,  six 
of  them  with  three  pairs  of  heavy  pipe  tongs 
screwing  in  the  pipe  and  one  man  at  the  joint. 
The  pipe  which  is  already  screwed  up  is  held 
from  turning  by  a  clamp. 

It  is  not  found  necessary  to  make  any  special 
provision   for  expansion   in  these  pipe  lines. 

For  flange  unions  in  the  pipe  line  the  ball- 
joint  flange  union  shown  in  Fig.  13  is  a  very 
handy  fitting.  As  it  permits  a  movement  of 
5  degrees  in  any  direction,  it  may  be  used 
wherever  there  is  a  small  change  in  the  direc- 
tion of  the  pipe  line.  Where  a  greater  change 
in  direction  is  required  the  pipe  is  bent;  if 
the  bend  is  not  exactly  correct  the  difference 
may  be  conveniently  made  up  by  one  of  these 
flange  unions.  A  style  of  high-pressure  flange 
union  very  commonly  used  has  a  babbitt  pack- 
ing ring.  This  is  liable  to  leak  after  the 
pressure  has  been  pumped  up  and  lowered 
again,  and  have  to  be  tightened  occasionally. 
The  pipes  must  also  be  exactly  in  line,  or  they 
will  leak.  With  the  flange  unions  shown  in 
Fig.  13  these  difficulties  do  not  exist.  The 
erecting  men  like  them  very  much  on  account 
of  their  convenience  when  laying  crooked 
lines. 

At  suitable  points  in  the  pipe  line,  say  about 
a  mile  apart,  are  located  stations  for  charging 
the  tanks  of  the  locomotives.  Fig.  15  shows 
a  charging  station  and  the  charging  device  on 
the  locomotive.  The  charging  station  con- 
sists of  a  tee,  a  charging  valve,  two  swing 
joints,  the  "ball"  of  a  ball-and-socket-joint, 
and  three  short  pieces  of  pipe.  The  charging 
connection  on  the  locomotive  consists  of  the 
"socket"  of  the  ball-and-socket  joint,  a  clamp- 
ing screw,  a  check  valve,  and  the  necessary 
pipe  connections  to  the  tank. 

A  flange  tee  for  a  charging  station  is  shown 
in  Fig.   16. 

The  check  valve  on  the  locomotive  is  shown 
in  Fig.  11.  The  handle  is  very  essential  on 
this  valve;  if  a  little  dirt  lodged  under  the 
seat  in  charging  the  locomotive  all  of  the  air 
would  blow  out  of  the  tank  before  the  valve 
could  be  fixed.  With  the  handle  the  disk  can 
be  turned  to  grind  out  the  dirt.  The  charging 
valve  shown  is  similar  to  the  check  valve,  but 
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with  a  round  end  on  the  stem  instead  of  a 
hexagon  one,  and  with  a  long  "double-ball" 
handle.  A  swing  joint  is  shown  in  Fig.  17. 
This,  it  will  be  seen,  combines  a  swing  joint 
and  two  elbows.  The  use  of  the  split  ring 
enables  it  to  be  put  together  without  having 
the  stuffer,  rings,  etc.,  large  enough  to  put  on 
over  the  large  end  of  the  elbow. 

Fig.  18  shows  the  ball-and-socket  joint 
made  by  Deck  Brothers,  Buffalo,  which  gives 
good  satisfaction  for  high-pressure  air.  It  is 
made  of  brass  and  has  a  screwed  instead  of 
a  bolted  follower.  The  male  half  is  a  nipple 
instead  of  an  elbow,  so  it  does  not  require 
the  split  ring.  An  elbow  must  be  used  with 
this  swing  joint  to  make  it  complete  for  use 
•on  a  charging  station. 

Fig.  19  shows  the  ball-and-socket  joint  and 
■clamping  screw.  With  the  charging  station 
shown  the  locomotive  may  stop  within  about 
3  feet  on  either  side  of  the  station,  that  is,  at 
any  point  in  a  distance  of  about  6  feet.  A 
common  form  of  charging  station  used  in 
the  coal  mines  of  the  United  States  consists 
of  three  "Moran"  ball  joints,  a  special 
threaded  union  to  connect  the  locomotive,  a 
charging  valve  and  a  "bleeder,"  which  is  a 
small  valve  to  let  the  air  out  of  the  piping 
after  the  charging  valve  is  closed  so  that  the 
union  can  be  unscrewed  with  a  wrench.  As 
the  ball  joints  permit  movement  in  a  vertical 
as  well  as  in  a  horizontal  direction,  they  are 
usually  counterbalanced  with  rope,  pulley  and 
weight.  With  this  style  of  charging  station 
it  is  necessary  to  stop  within  a  foot  or  two. 
The  charging  station  illustrated  herewith  does 
away  with  the  necessity  of  counterweight, 
bleeder  and  wrench,  allows  greater  latitude 
in  stopping,  and  thus  reduces  the  time  required 
for  charging  from  one  or  two  minutes  down 
to  half  a  minute. 

LOCOMOTIVE     JOINTS     AND     FITTINGS. 

The  storage  tanks  on  the  locomotives  are 
designed  for  much  higher  fiber  stresses  than 
would  be  permissible  in  a  steam  boiler.  There 
are  no  strains  due  to  unequal  expansion,  no 
corrosion  due  to  bad  water,  no  danger  of  low 
water  allowing  the  plates  to  be  weakened  by 
heat,  no  such  tremendous  storage  of  energy 
as  in  the  hot  water  in  a  boiler,  and  no  chance 
for  a  large  increase  in  pressure.  For  these 
reasons  the  tanks  are  designed  for  fiber 
stresses    of    about    20,000    pounds    per    square 
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inch.  The  36-inch  x  10-foot  tank  shown  in 
Fig.  20  has  a  riveted  joint  of  85  per  cent, 
efficiency,    and   with   800   pounds   air   pressure 
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the  stress  figures  out  19,360  pounds  per  square 
inch.  Tanks  30  inches  in  diameter  with  welded 
longitudinal  seams  for  1,000  pounds  working 
pressure  were  made  j4-inch  thick,  which  fig- 
ures out  20,000  pounds  per  square  inch  fiber 
stress,  or,  if  only  90  per  cent,  is  allowed  for 
the  welded  joint,  22,222  pounds  per  square 
inch.  Tanks  32  inches  in  diameter  with 
welded  longitudinal  seams  for  1,000  pounds 
working  pressure  were  made  13/16  inch  thick, 
which  figures  out  19,700  pounds  per  square 
inch  for  a  100-per  cent,  joint. 

These  tanks  were  all  made  in  England  and 
were  fine  looking  pieces  of  work ;  heads  and 
manholes  were  evident!}'  flanged  by  hydraulic 
press,  and  the  welded  seams  were  scarcely 
visible.  The  tanks  with  welded  longitudinal 
seams  were  cheaper  than  those  with  riveted 
longitudinal   seams. 

The  method  of  fastening  the  tanks  to  the 
saddles  is  important.  At  one  of  the  coal 
mines  in  Pennsylvania  I  was  told  that  three 
different  methods  had  been  used  on  their 
locomotives.  The  first  locomotive  had  the 
saddles  secured  to  the  tank  by  cap  screws 
with  straight  threads,  the  second  one  had  cap 
screws  with  taper  threads,  and  later  ones  had 
taper  bolts.  The  straight  threaded  cap  screws 
leaked  and  were  finally  replaced  by  taper 
bolts.      The    Canadian    locomotive    had    taper 


bolts  put  in  as  shown  in  Fig.  21.     It  was  not 
found  necessary  to  even  calk  a  single  copper 

washer. 

The  stop  and  reducing  valves  between  the 
storage  and  auxiliary  tanks  are  a  most  vital 
part  of  the  locomotive.  Fig.  22  shows  one  of 
these  sets  of  the  latest  design.     It  consists  of 
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a  Vtp.d  stop  valve,  an  automatic  stop  valve 
wil'i  :;  auxiliary  valve  and  a  reducing  valve. 
Of  the  l  1  shown  in  Fig.  22  the  Foster  Engi- 
neering Company  furnished  the  automatic  stop 
valve  and  the  reducing  valve,  but  the  hand  stop 
valve  and  the  auxiliary  valve  were  built  in  the 
Canadian    shops. 

The  hand  stop  valve  is  only  used  in  case 
the  other  valves  require  packing,  or  minor 
repairs.  It  can  be  used,  however,  instead  of 
the  automatic  stop  valve  or  instead  of  the 
reducing  valve  if  either  of  them  should  be 
temporarily  disabled.  The  automatic  stop 
valve  shuts  off  the  high-pressure  air  when 
the  pressure  rises  to  160  pounds  in  the  auxili- 
ary tank,  and  opens  again  when  the  pressure 
falls  to  140  pounds,  thus  protecting  the  re- 
ducing valve  from  wire  drawing  when  little 
or  no  air  is  being  used.  Ordinarily  it  will 
close  just  after  the  throttle  closes  and  open 
just  after  the  throttle  opens,  thus  relieving 
the  reducing  valve  when  the  locomotive  is 
standing.  The  reducing  valve  is  perfectly 
balanced,  there  being  no  differential  unbal- 
anced area  as  in  the  case  of  an  ordinary  bal- 
anced throttle  valve. 

It  will  be  seen  that  this  set  of  valves  is  of 
the  piston  construction  throughout ;  that  is, 
there    are    no    diaphragms.      The    first    valves 


made  by  the  Foster  Engineering  Company 
had  diaphragms  in  all  the  valves.  At  several 
mines  in  Pennsylvania  which  I  visited  there 
was  complaint  of  diaphragms  breaking.  The 
matter  was  taken  up  with  the  Foster  En- 
gineering  Company,    with    the    result   that    on 
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the  Canadian  valves  they  eliminated  the 
diaphragms,  first  on  the  auxiliary  valve  and 
the  automatic  stop  valve  and  then  on  the  re- 
ducing valve.  In  reply  to  a  recent  inquiry 
for  their  opinion  as  to  the  value  of  this  change 
the  Foster   Engineering  Company  wrote : 

"We  agree  with  you  that  the  piston  con- 
struction is  a  radical  improvement  over  the 
old  diaphragm  construction  for  this  service. 
We  have  noted   in   the  past   that   where    dia- 
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phragms  are  used  there  is  a  tendency  to 
crystallize  and  destroy  the  life  of  the 
diaphragms,    practically    throwing    the    valve, 


after  some  little  time,  out  of  commission —  a 
condition  that  is,  of  course,  not  experienced  in 
the  use  of  the  piston-actuated  type.     For  this 
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reason  we  believe  the  piston-actuated  type  in 
actual  service  will  outlast  the  diaphragm  type 
ten   to   one." 

After  passing  the  reducing  valve,  the  com- 
pressed air  can  no  longer  be  considered  as 
at  high  pressure,  but  the  style  of  throttle 
valve  may  be  of  interest.  It  is  shown  in  Fig. 
23,  and  is  of  the  pilot-valve  type ;  both 
disks  being  well  guided.  It  has  been  found 
to  hold  the  pressure  well,  to  give  good  control 


FIG.   XXIII.     THROTTLE  VALVE   FOR  A   PNEU- 
MATIC LOCOMOTIVE. 

and  to  work  easily.  The  body  of  the  valve 
forms  also  an  elbow  and  a  head  for  the  auxil- 
iary tank. 

A  few  miscellaneous  high-pressure  fittings 
are  also  illustrated.  Fig.  24  shows  how  a 
coil  of  copper  pipe  in  a  tank  is  connected  to 
the  exterior  piping.  The  fitting  shown  com- 
bines union,  elbow,  tank  connection  and  con- 
nection to  the  copper  tube.  The  fitting  shown 
was  used  for  only  350  pounds  pressure,  but 
would  probably  be  good  for  1,000  pounds  pres- 
sure or  more.  The  manner  of  connecting  to 
the  copper  tube  is  the  same  as  used  in  auto- 
mobile fittings  for  ^-inch  copper  tube  (see 
Fig.  25).     This  form  of  connection   deserves 


to  be  better  known ;  it  requires  neither 
threading  nor  soldering  of  the  pipe;  is  easily 
connected  and  will  hold  almost  any  pressure. 
It  looks  as  though  it  would  be  a  good  way 
to  connect  lead  pipe  to  faucets. 

CONCLUSIONS. 

From  experience  with  the  joints  and  fittings 
described  above  it  appears  safe  to  draw  the 
following  conclusions  in  regard  to  air  piping : 

1.  The  regular  taper  pipe  thread  is  a  very 
satisfactory  permanent  joint.  In  this  connec- 
tion the  following  quotation  from  the  Crane 
Company  catalog  will  be  of  interest : 

"The  screwed  joint,  when  properly  made, 
has.  to  the  best  of  our  knowledge,  given  com- 
plete  satisfaction,   and   we   are   now   disposing 
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FIG.   XXV.      UNIONS  AND  TEES  FOR  fj-INCH 
COPPER  TUBE. 

of  more  of  these  for  power-plant  purposes 
than  all  of  the  other  styles  of  joints  combined. 
"Taking  up  the  objection  that  cutting  the 
thread  on  pipe  weakens  it,  we  will  say  in  ex- 
planation of  this  that  the  part  of  the  pipe 
where  the  thread  is  cut  is  always  strength- 
ened by  the  flange  or  fitting  into  which  the 
pipe  i>  -crowed,  and.  in  many  destructive  tests 
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which  we  have  made  the  pipe  has  never  burst 
where  the  thread  has  been  cut,  but  always 
burst  longitudinally  some  distance  from  the 
thread;  nor  do  we  remember  of  ever  having 
received  a  complaint  of  the  pipe  giving  way 
at   the   thread. 

"We  make  high-pressure  joints  as  follows: 

"The  flanges  are  screwed  up  by  power  on 
a  long  taper  thread  cut  to  a  true  standard, 
until  the  pipe  projects  through  the  flange, 
great  care  having  been  taken  in  the  tapping 
of  the  flange  and  the  threading  of  the  pipe 
to  the  correct  size,  so  that  same  will  screw  up 
to  the  shoulder  in  the  flange  and  not  expose 
any  part  of  the  thread,  which  would  form  a 
weak  point  in  the  pipe  line.  We  also  take 
the  greatest  care  to  have  the  threads  perfectly 
clean,  which  is  one  of  the  secrets  of  making 
a  tight-screwed  joint.  This  matter,  we  think, 
has  been  overlooked  by  a  majority  of  me- 
chanics in  this  class  of  work.  The  length  of 
pipe  is  then  placed  in  the  machine  and  the 
ends  of  the  same  turned  off  flush  with  the  face 
of  the  flange.  A  light  cut  is  also  taken  off 
the  face  of  the  flange  at  the  same  time  to  in- 
sure its  face  being  perfectly  square  with  the 
pipe." 

2.  Fittings  should  be  heavy  to  permit  of 
screwing  the  pipe  in  very  tight  and  to  resist 
deformation  under  pressure.  Crane  Company 
also  lay  special  stress  on  having  screwed 
flanges  of  good  material  and  very  strong. 

3.  The  number  of  joints  should  be  kept  down 
to  a  minimum.  It  will  be  noted  that  prac- 
tically all  of  the  fittings  illustrated  are  com- 
bination fittings,  thus  reducing  the  number  of 
joints. 

4.  Flanged  joints  and  threaded  unions 
should  preferably  have  metal-to-metal  joints 
with  narrow  faces  and  may  preferably  be 
made  ball-and-socket  type.  Where  the  end  of 
the  pipe  must  be  accessible  the  loose-threaded 
flange   is   a   very   convenient   connection. 

5.  Valves  should  preferably  be  of  the  angle 
type,  with  narrow  nutal-to-metal  joints  and 
with  the  disk  well  guided.  From  the  design 
of  the  Navy  valve  it  appears  possible  to  avoid 
the  use  of  stuffing  boxes  around  the  valve 
stems,  which  is  a  source  of  a  great  deal  of 
leakage  with  common  valves. — Condensed 
from  American  Machinist. 


TRIED  TO   MAKE  AN  AIR  RECEIVER 
IN   THE  SOLID  ROCK 

A  correspondent  of  The  Mining  and  Scien- 
tific Press   writes : 

Some  years  ago  I  had  occasion  to  do  some 
development  work  on  a  property  where  the 
air  compressor  was  run  by  water  power,  and 
during  the  low-water  season  there  was  not 
sufficient  power  to  furnish  air  for  one  drill. 
The  vein,  a  very  irregular  one,  was  in  quart- 
zite,  close  to  a  syenite  and  quartzite  contact, 
and  in  places  irregular  wedges  of  this  syenite 
penetrated  the  quartzite  and  would,  cut  off  the 
vein,  which  would  be  found  again  on  the  other 
side  of  these  intrusive  wedges  of  syenite.  At 
one  point,  to  determine  whether  or  not  it  was 
a  persistent  contact  or  only  a  wedge,  a  drift 
was  run  into  the  solid  syenite  foot-wall  for  a 
distance  of  about  150  ft.  This  was  at  a  point 
some  1,300  ft.  from  the  mouth  of  the  adit, 
and  >ome  60  ft.  from  the  surface,  measured 
vertically,  and  this  drift  for  the  entire  dis- 
tance appeared  to  be  without  a  fracture  in 
the  rock  and,  in  fact,  appeared  as  one  solid 
block   of   granite. 

Under  the  conditions  as  stated,  I  thought 
it  would  be  practical  to  place  a  concrete  dam 
about  50  ft.  back  from  the  tunnel  in  the  drift 
and  then  use  the  remaining  10  ft.  of  the  drift 
for  a  receiver  in  which  to  store  compressed  air. 
The  sides,  top,  and  bottom  of  the  drift  were 
carefully  trimmed,  to  remove  all  loose  rock, 
and  a  concrete  dam  was  built  in  the  drift; 
in  this  dam  a  large  pipe  was  inserted,  both  for 
a  man-hole  and  for  pipe  connections ;  after  the 
concrete  had  set  the  compressed  air  was  di- 
verted to  the  supposed  receiver;  though  the 
dam  was  well  rammed  yet  the  air  leaked 
through  it  very  rapidly.  We  then  turned  off 
the  air,  removed  the  man-hole,  and  placed  a 
coat  of  neat  cement  on  the  inside  of  the  dam, 
and  for  5  ft.  back  on  the  top,  bottom  and 
sides  of  the  drift;  after  this  set  we  again 
turned  in  the  compressed  air,  and,  as  far  as 
could  be  determined,  not  a  particle  of  air 
leaked  through  the  dam.  We  could  readily 
raise  the  air  pressure  in  this  rock  receiver 
to  a  gauge  pressure  of  about  45  lb.,  above 
which  point  it  would  increase  very  slowly. 
With  the  small  plant  it  was  impossible  to 
obtain  a  gauge  pressure  of  50  pounds.  Upon 
the  closing  of  the  intake  valve  the  pressure 
would  decrease,  and  in  about  36  hours  time 
the  gauge  would  again  register  zero. 
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EXPLOSIVES  AND   SHOT  FIRING 

Professor  Thompson  of  Leed's  University 
recently  lectured  upon  the  above  topic  at  Ash- 
by-de-la-Zouch. 

In  one  of  the  coal  mines  inspection  districts 
they  found,  he  said,  that  for  the  year  ending 
December,  1906  there  was  not  a  single  accident 
reported  from  explosives  or  shot-firing,  in  spite 
of  the  fact  that  twenty-nine  different  kinds  of 
explosives  were  used  and  somewhere  about 
three  million  shots  were  fired,  consuming  \Y% 
million  pounds  of  explosive. 

They  might,  he  said,  regard  an  explosive 
used  in  blasting  as  a  heat  engine.  The  charge 
placed  in  the  borehole  compared  with  the  gas 
and  air  mixture  in  a  gas  engine.  When  either 
was  fired  a  great  deal  of  energy-  was  liberated. 
In  the  gas  engine  the  hot  air  expanding  against 
the  resistance  of  the  piston  drove  the  engine 
doing  mechanical  work ;  nearly  one-fifth  of  the 
total  heat  might  be  converted  into  work.  In 
the  shothole  the  tearing  apart  and  rending  of 
the  rock  replaced  the  moving,  and  the  gases 
expanding  against  the  resistance  of  the  rock 
gave  up  their  heat  in  the  same  way  as  in  the 
engine.  Looked  at  in  this  roughly  general 
manner,  they  saw  that  if  all  the  heat  given 
out  by  1  lb.  of  gunpowder  or  carbonite  when 
fired  could  be  converted  into  work,  it  would 
be  equivalent  to  a  24-horse  power  engine 
working  for  one  minute,  while  that  from  1 
lb.  of  blasting  gelatine  would  be  equal  to  a  60- 
horse  power  engine  working  for  one  minute. 
There  was  one  explosive  used  in  the  detonators 
he  wished  to  warn  them  against — fulminate  of 
mercury.  Detonators  were  not  things  to  be 
played  with,  as  the  Professor  showed  by  tell- 
ing of  two  friends  who  had,  by  non-apprecia- 
tion of  this  fact,  each  lost  half  a  hand.  Pro- 
fessor Thompson  described  the  different  fuses, 
and  then  came  on  to  deal  with  the  various  Gov- 
ernment testing  stations,  speaking  of  the  de- 
ficiencies of  our  own  system.  There  was  no 
absolutely  safe  explosive  for  the  mine.  All  the 
explosives  would  fire  a  mixture  of  fire-damp 
and  air.  They  must  always  assume  that  an 
explosive  fired  in  coaldust  was  dangerous, 
even  with  a  permitted  explosive,  and  then  to 
make  it  as  safe  as  possible  they  must  try  and 
let  the  heat  of  its  high  temperature  be  used  up 
in  accomplishing  the  work  required  of  it.  The 
borehole  should  be  well  stemmed.  At.  a  col- 
liery they  must  not,  of  course,  have  a  combus- 


tible fuse  for  igniting  the  charge,  and  Profes- 
sor Thompson  dealt  particularly  with  electric 
fuses — high  and  low  tension.  Spark  fuses  re- 
quired 4,000  volts  to  give  a  spark  of  V12  in. 
The  latest  magneto  gave  a  voltage  of  80  at  the 
highest  speed  and  with  slow  ordinary  driving, 
40  volts.,  the  current  being  .12  and  .008  am- 
peres respectively.  A  low  tension  magneto 
exploder  gave  20  volts  at  good  ordinary  speed, 
and  at  maximum  speed  could  attain  2"]  volts. 
The  current  at  low  speeds  was  .8  amperes  and 
at  high  speeds  .97  amperes.  Fuses  (present 
primers )  with  resistances  of  about  12  ohms, 
required  about  V$  amperes,  though  some  were 
fired  at  4  amperes.  The  range  of  the  older  ten- 
sion fuses  was  more  sensitive.  In  high-tension 
fuses  in  which  the  resistance  might  vary  from 
50.000  ohms  to  6.000  ohms  during  measurement 
and  with  13  to  36  volts,  the  current  required 
was  Vsoo  to  Vao  amperes.  He  preferred  the 
series  wiring  to  parallel  where  a  number  of 
shots  were  to  be  fired  together.  In  firing  they 
should  always  see  that  they  had  got  full  pow- 
er in  the  battery.  Otherwise  there  would  be 
missfires. 


THE  COAL  AND   FREIGHT  TUNNELS 
OF  CHICAGO 

.  Under  the  streets  of  Chicago  are  sixty-five 
miles  of  tunnels,  the  extent  of  which  is  not 
appreciated  by  the  people  even  of  Chicago, 
perhaps  because  they  do  not  carry  passengers. 
The  tunnel  system  honeycombs  the  entire  down 
town  portion  of  the  city,  reaches  as  far  south 
as  Armour  and  Archer  avenues,  as  far  north 
as  Chicago  avenue,  and  as  far  west  as  Green 
street. 

Most  of  this  sixty-five  miles  of  tunnel  is 
about  six  feet  wide  and  7^  feet  high,  the  roof 
being  arched.  Part  of  this  system  is  made  up 
of  what  is  known  as  trunk  lines,  which  are 
twelve  feet  high  and  from  twelve  to  fourteen 
feet  wide.  The  purpose  is,  if  possible,  to  make 
deliveries  of  coal  to  the  large  down-town  build- 
ings by  means  of  this  tunnel  system,  thus  re- 
lieving the  dealers  of  the  necessity  of  main- 
taining expensive  teams  for  doing  the  work 
and,  in  addition,  taking  that  amount  of  traffic 
off  the  street.  As  soon  as  the  Illinois  Tunnel 
Company,  which  owns  this  subway,  began  to 
put  parts  of  its  line  into  operation,  plans  were 
made  with  this  object  in  view.  The  result  has 
been  that  the  company,  to-day,  has  a  direct 
connection    with   the   Chicago   &   Eastern    Illi- 
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nois  railroad  and  with  the  Chicago  &  Alton 
railway,  while  coal  handling  elevators  have 
been  put  in  some  of  the  biggest  down-town 
buildings,  among  them  those  of  Marshall  Field 
&  Co.  and  the  First  National  Bank. 

The  company  will  soon  have  250  small  loco- 
motives to  work  under  ground  and  2,500  of 
their  small  cars  or  lorries,  which  will  be  hand- 
ling all  kinds  of  traffic,  but  especially  mail  and 
coal.  Arrangements  have  been  made  to  in- 
crease this  equipment  as  fast  as  the  need  arises. 
The  difficulty  of  making  this  sort  of  installation 
is  seen  at  once  when  the  statement  is  made 
that  the  top  of  the  tunnel  is  fully  thirty-three 
feet  below  the  ground  in  all  parts  of  the  city. 
Where  the  tunnel  is  only  7l/t  to  eight  feet  in 
height  this  makes  the  average  space  between 
the  floor  of  the  tunnel  and  the  street  level 
forty-one  to  forty-two  feet.  The  company  has 
passed  under  the  Chicago  river  fourteen  times 
at  which  places  it  has  dropped  down  to  a  depth 
of  sixty-three  feet  below  the  average  street 
level.  The  tunnel,  at  this  depth,  is  so  far  under 
the  surface  of  the  ground  as  to  be  below  all 
of  the  sub-cellars  of  the  various  establishments. 

DIGGING    UPWARD. 

When  it  becomes  necessary  to  make  a  con- 
nection with  any  of  the  larger  buildings  in  or- 
der to  put  in  a  coal  handling,  it  is  necessary, 
of  course,  to  burrow  up  from  the  tunnel  into 
the  basement  of  the  building  and  then  estab- 
lish some  kind  of  connection  which  will  get 
the  coal  conveniently  into  the  fire  room.  The 
company  has  already  a  number  of  these  eleva- 
tor plants  installed,  one  being  practically  a 
model  for  all. 

The  arrangement  for  handling  coal  from 
these  cars  into  the  boiler  room  of  a  big  build- 
ing is  not  dissimilar  to  the  arrangement  in 
vogue  at  the  transfer  plant  of  the  Dering  Coal 
Company  at  Peoria.  111.  The  car,  which  has  a 
hopper  bottom,  comes  up  to  the  designated 
place  on  the  track  and  dumps  its  load  of  three 
and  a  half  tons  of  coal  into  a  track  hopper. 
The  fuel  is  fed  from  there  into  a  bucket  con- 
veyor which  hoists  the  coal  up  to  the  top  of  the 
shaft  and  it  is  there  turned  over  to  a  belt  con- 
veyor of  some  sort  located  at  a  height  equal 
to  the  top  of  the  boiler  in  the  building.  The 
subway   car   which   carries   the   coa!   is.   under 


ordinary  circumstances,  enabled  to  do  double 
service,  because  from  the  level  of  the  floor  on 
which  the  boiler  equipment  is  located  a  chute 
carries  the  ashes  out  from  the  fire  room  and 
dumps  them  into  the  car  just  unloaded.  By. 
this  plan  the  equipment  of  the  company  is  able 
to  do  double  service  and  consequently  gets 
loads  in  both  directions. 

Underneath  the  tracks  of  the  Chicago  and 
Eastern  Illinois  and  immediately  over  the 
tracks  of  the  Illinois  Tunnel  Company  are  a 
number  of  track  hoppers  each  of  which  has  a 
storage  capacity  of  150  tons.  Coal,  to  be  de- 
livered into  these  storage  pockets,  must,  for 
convenience  sake,  be  shipped  in  hopper  bootom 
cars.  The  railroad  car  is  placed  immediately 
above  a  chute  which  leads  down  to  the  track 
hopper.  This  hopper,  in  turn,  has  a  chute 
which  leads  down  and  opens  immediately  above 
the  track  of  the  tunnel  company.  The  pres- 
sure of  the  coal  and  the  size  of  the  lower  open- 
ing make  for  almost  instantaneous  loading  of 
the  fuel,  as  is  shown  by  the  fact  that  on  a 
recent  occasion  three  and  a  half  tons  of. coal 
were  loaded  into  a  tunnel  car  in  two  sections. 

HOW   TO  GET   A    FRANCHISE. 

In  obtaining  the  consent  to  build  this  tunnel 
the  president  of  the  company,  who  was  inter- 
ested with  a  number  of  friends  in  an  inde- 
pendent telephone,  obtained  a  grant  for  a  tele- 
phone subway.  He  made  it  appear  to  the  City 
Council  that  he  wanted  to  use  these  subways 
for  the  purpose  of  facilitating  the  laying  of 
telephone  wires  underground.  At  the  time 
the  ordinance  went  through  the  City  Council 
no  suggestion  was  made  of  the  possibility  of 
handling  freight  in  this  subway,  the  grant 
merely  giving  the  tunnel  company  the  right  to 
place  telephone  wires  and  transmit  sounds,  sig- 
nals and  intelligence  by  means  of  electricity  or 
otherwise.  It  was  soon  determined  that  under 
the  head  of  intelligence  the  company  could 
handle  both  mail  matter  and  newspapers 
and  since  the  latter  came  really  under  the  head 
of  freight  the  operations  of  the  company  soon 
spread  from  mail  matter  and  the  newspapers 
to  carrying  package  freight  and  now  to  the 
transportation  of  coarse  freight — coal  and 
ashes. 
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ELECTRO-PNEUMATIC    POWER 
TRANSMISSION 

The  power  problem  is  the  problem  of  indus- 
trial achievement  and  material  progress. 
Cheap  and  readily  available  power  makes  the 
opportunity  of  enterprise  and  industry,  and 
when  it  is  appropriated  and  employed  values 
are  produced  and  wealth  accumulates.  All 
our  power  coming  ultimately,  as  far  as  we 
now  know,  from  the  energy  diffused  by  the 
sun,  the  function  of  the  entire  series  of  opera- 
tions and  devices  this  side  of  the  sun  by  which 
this  power  is  made  to  do  the  work,  in  detailed 
aplications,  large  or  small,  of  the  engineer  and 
the  mechanic,  may  be  said  to  be  entirely  that  of 
transmission.  The  development,  as  we  term  it, 
of  power  by  the  combustion  of  coal,  the  gener- 
ation of  steam  and  the  application  of  its  ex- 
pansive energy  to  produce  forceful  mechan- 
ical movement,  is  only  a  detail  of  the  trans- 
mission series.  The  employment  of  falling 
water  which  has  been  drawn  up  by  the  sun 
to  turn  our  wheels  is  only  a  less  tortuous 
channel  of  transmission  than   the  other. 

Generally,   neither   of   these   two   beginnings 
of  the  familiar  lines  of  transmission  bring  the 
power  all  the  way  to  the  actual  work  without 
still    other    means,    the    first    operation    being 
usually  a   dividing  up  and  distribution   of  the 
power    of    the    larger    initial    units.      For    this 
end  of  the  work  other  agencies  come  into  play, 
and  the  most  active  and  prominent — the  one  in 
this    age    insisting    upon    being    first    thought 
of   where   anything   requiring   power   is   to   be 
done — is    the    electric    current.      It    is    scarcely 
an   impertinence   now,   when   electricity   is   not 
employed    for    any    new    undertaking,    for    its 
friends    to    be    inquiring    why    not.      And    yet 
electricity    is    not    best    or    most    effective    for 
every   line  of  power   employment.     For   some 
important     and     responsible     operations     com- 
pressed air   seems  to  be,   and   seems   likely  to 
remain,   the  most   desirable   and   satisfactory; 
but    even    here    the    habit    is    developing    of 
these  two  agencies  working  together  and  each 
providing  additional  employment  for  the  other. 
Electricity  makes  it  possible  to   adapt  com- 
,  pressed    air    economically    in    many    cases   and 
under  certain  conditions.    When,  as  often  hap- 
pens, the  power  is  transmitted  a  long  distance, 
and  when,  after  all,  it  is  desirable  to  use  both 
electricity    and    compressed    air    in    the    final 
workings,  it  is  not  necessary  to  lay  both  wires 
and  pipes  all  the  way;    and  indeed,  it  would 
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not  be  practical  to  carry  pipes  to  such  dis- 
tances as  wires  are  now  quite  commonly  laid. 
Let  the  wires  carry  the  power  most  of  the  way 
from  the  big  water  power,  and  then  let  the 
electric-driven  compressor  be  located  within  a 
reasonable  distance  from  its  work.  Circum- 
stances must  determine  the  details  of  this  ar- 
rangement, and  especially  the  location  of  the 
compressor. 

Generally  speaking,  if  a  large  volume  of  air 
is  to  be  used,  it  is  best  to  install  large  units 
in  a  suitable  power  house  instead  of  distrib- 
uting smaller  machines  here  and  there  for  the 
saving  of  some  lines  of  piping.  The  piping 
should  not  be  made  a  bugaboo.  There  is  no 
difficulty  in  making  and  keeping  it  tight,  and 
the  piping  makes  a  cheap  reservoir  for  the  air. 
As  the  air  is  always  used  in  more  or  less  ir- 
regularity, the  fluctuations  of  consumption  can 
be  better  taken  care  of  in  the  concentrated 
plant  than  in  the  scattered  and  isolated  units. 
The  electric  air  drill  has  made  it  possible  to 
use  electricity  as  the  sole  transmitter  of  power 
in  mining  operations.  No  lines  of  piping  are 
employed,  the  wires  leading  right  to  the  drill 
pulsator;  and  this  arrangement,  and  the  suc- 
cess of  it,  has  led  to  the  suggestion  now  cur-* 
rent  of  distributing  small  electric-driven  com- 
pressors in  different  locations  in  a  mine  for 
driving  percussion  drills  of  the  familiar  air- 
pressure-driven  type.  The  power  cost  of  such 
an  arrangement  would  be  four  of  five  times 
that  of  the  electric  air  drill,  to  do  the  same 
work,  not  to  speak  of  the  many  other  objec- 
tionable features. 


THE  UNCONQUERED  AIR 

The  following,  which  is  a  leader  from  a  re- 
cent issue  of  The  Engineer  (London),  is  well 
worth  reading  as  a  plain  statement  of  the  pres- 
ent status  and  prospects  of  the  aeroplane  and 
its  kindred  devices. 

For  many  months  mechanical  flight  has  held 
universal  attention.  The  popularity  of  the  di- 
rigible balloon  has  been  displaced  by  the  aero- 
plane, and  the  work  of  Santos  Dumont  and 
Spencer  is  forgotten  in  the  exploits  of  the 
Wrights,  Farman,  and  Delagrange.  The  con- 
quest of  the  air  is  proclaimed  by  journalists, 
and  columns  of  our  daily  papers  are  devoted 
to  a  subject  which  not  a  decade  ago  provoked 
ridicule    and    contumelv.      That    is    a    kind    of 


change  to  which  the  engineer  and  the  scientist 
have  always  been  accustomed ;  the  "noble  in- 
sanity" in  them  which  "creates"  what  it  cannot 
"find"  is  accounted  real  insanity  by  the  thou- 
sands who  are  unable  to  comprehend  the 
workings  of  their  minds.  But  in  these  sudden 
changes  there  is  always  the  same  lack  of  bal- 
ance, the  same  want  of  moderate  and  quiet 
thinking.  From  an  extreme  of  disbelief  a  sud- 
den spring  is  made  into  over-belief.  The  in- 
ventor finds  himself  a  preacher  at  a  revival;  he 
effects  something  that  the  public  deem  a  mira- 
cle, and  straightway  their  want  of  any  belief 
at  all  is  changed  into  a  belief  in  everything. 
They  know  neither  moderation  nor  reason. 

If  anyone  considers  these  observations  too 
severe  let  him  look  at  the  papers  for  the  last 
few  weeks  and  then  consider  the  results  that 
have  been  actually  achieved.  Take  first  the 
winning  of  the  Deutz  Archdeacon  prize  by 
Henry  Farman  in  Paris  on  January  13th.  Far- 
man  under  atmospheric  conditions  which  had 
to  be  watched,  waited  for  and  seized  at  the 
moment,  sent  word  to  the  judges  that  he 
would  attempt  a  flight.  The  judges  assembled, 
a  course  was  marked  out,  and  the  "aviator" 
started.  He  made  the  circuit  laid  down  in  the 
conditions  and  won  the  coveted  prize.  The 
fligh*  was  about  one  mile  long,  and  he  was  in 
the  air  one  and  a  half  minutes !  Attempting  to 
repeat  his  experiment  on  a  later  day  his  ma- 
chine was  wrecked.  He  had  conquered  the 
air  by  a  successful  invasion — when  the  wind's 
back  was  turned — lasting  one  and  a  half  min- 
utes! What  the  two  Wrights  have  actually 
done « we  do  not  know  with  any  certainty. 
They  have  successfully  sailed  through  the  air 
with  a  self-propelling  aeroplane,  but  how  long 
the  flight,  how  far,  how  fast  we  do  not  know. 
What  we  do  know  is  that,  like  Farman's,  their 
machine  finished  a  journey  by  .a  descent  of  un- 
premeditated suddenness.  Finally,  we  have  the 
record  beating  flight  of  Delagrange.  At  Rome 
he  circled  nine  and  three-quarter  times — note 
the  lack  of  completeness  expressed  in  the  three- 
quarters — round  a  rectangular  enclosure.  The 
distance  he  covered  was  15  kiloms  (9.3  miles), 
and  he  was  master  of  the  element  for  15^2 
minutes !  The  next  day  he  essayed  to  repeat 
his  success;  the  weather  was  not  so  favorable, 
and  his  machine  also  met  with  an  accident. 
Taking  all  these  official  flights  together,  not 
one  hour  has  been  spent  in  the  element  that 
we  are  told  has  been  conquered,  and  the  min- 


COMPRESSED  AIR. 


4993 


utes  of  success  have  only  been  snatched  when 
the  conditions  put  everything  in  the  hands  of 
the  "conqueror."  We  have  shown  these  facts 
in  the  least  favorable  light  to  enforce  the  truth 
that  we  have  no  more  right  to  say  these  men 
can.  fly  than  the  beginner  who  makes  a  sudden 
dash  and  covers  a  few  yards  before  he  falls 
off  has  a  right  to  say  he  can  walk  the  tight- 
rope. But  we  need  not  tell  engineers  that 
we  are  very  far  indeed  from  undervaluing  the 
successes,  short  and  fitful  as  they  are,  that 
have  been  achieved.  A  flight  of  ten  minutes  in 
an  aeroplane  is  worth  days  of  doubtful  soar- 
ings in  navigable  balloons,  and  we  give  very 
hearty  praise  and  congratulation  to  the  men 
who  have  made  the  flights.  But  we  must  re- 
member that  the  aeroplane  is,  and  from  its  na- 
ture must  remain,  a  very  imperfect  vehicle  for 
flight.  If  we  turn  again  to  our  daily  papers  we 
shall  find  that  the  admiration  of  the  reported 
increases  with  the  speed  of  the  aeroplane.  Here 
is  a  strange  perversion  of  judgment  sprung 
from  the  motor  car  and  the  railway  train !  The 
thing  to  praise  in  an  aeroplane  should  be  slow- 
ness. As  its  speed  increases  all  its  other  qual- 
ities increase  in  manifold.  Its  sustaining  pow- 
er and  its  stability  depend  upon  its  velocity ; 
reduce  that  and  it  comes  tumbling  to  earth.  It 
is  like  a  cyclist  on  a  tight  rope  without  a  pole 
or  a  parasol.  Let  him  stop  his  machine  and  he 
falls  into  mid  air.  We  do  not  hesitate  to  say 
the  day  will  be  seen  when  the  biggest  prize 
will  be  offered  to  the  aviator  who  takes  the 
longest  time,  in  going  round  the  course — the 
race  shall  be  to  the  slowest.  That  is  the  object 
which  the  inventor  must  keep  in  view,  the  ob- 
ject for  which  he  must  work.  The  problem  of 
flight  will  not  be  solved  so  long  as  a  high  for- 
ward velocity  is  the  only  means  of  maintaining 
position  in  the  air.  Until  we  can  go  slow  or 
fast  at  pleasure,  flying  will  remain  nothing 
more  nor  less  than  a  sport  with  a  very  limited 
utility  for  military  purposes.  It  will  be  im- 
practicable to  start  or  stop  with  ease,  and  im- 
possible to  manoeuvre  with  the  exactness  that 
is  required  in  a  "useful"  vehicle.  Can  we  im- 
agine the  condition  of  naval  architecture  if 
ships  were  built  only  on  skimming  dish  lines 
and  sank  to  the  bottom  if  their  speed  dropped 
below  30  knots?  The  position  is  precisely  the 
parallel  of  the  aeroplane. 

That  the  aeroplane  will  sustain  weight  has 
been  known  for  very  many  years ;  that  by  care- 
ful proportioning  and  planning  it  may  be  made 


to  bear  a  man  through  the  air  has  been  proved 
by  hundreds  of  experimenters;  that  it  may  be 
made  self-propulsive  and  self-supporting  has 
now  been  demonstrated.  Aeroplane  after  aero- 
plane may  now  be  repeated  almost  as  readily 
as  balloon  after  balloon.  But  we  shall  get 
little  if  any  further  by  such  repetition.  The 
aeroplane  is  full  of  disabilities,  and  the  search 
for  other  means  of  achieving  flight  must  not 
be   neglected. 


THE  ENGINEER  AND  THE  CONSERV- 
ATION OF  RESOURCES 

By  Willard   A.   Smith. 

Engineering  has  had  many  definitions— most 
of  which  qualify  and  enlarge  rather  than  ac- 
tually define.  In  a  very  real  sense  we  may 
speak  of  it  as  the  science  of  economy,  of  con- 
serving the  energy,  kinetic  and  potential,  pro- 
vided and  stored  up  by  nature  for  the  use  of 
man.  It  is  the  business  of  engineering  to  util- 
ize this  energy  to  the  best  advantage— so  that 
there  may  be  the  least  possible  waste.  Nature 
has  stored  up  combustibles  in  the  shape  of 
coal,  oil  and  wood,  the  force  of  gravity  in  run- 
ning or  elevated  water,  the  force  of  the  wind, 
solar  radiation,  tidal  power,  and  animal  or 
muscular  energy.  These  are  the  materials  of 
engineering,  to  utilize  which  to  the  best  ad- 
vantage calls  for  the  best  preparation  possible 
for  the  engineer  to  attain. 

With  the  lavishness  of  newness,  little  reck- 
ing our  rate  of  development  and  its  terrible 
destructiveness,  we  have  gone'  on  in  this  coun- 
try along  the  lines  of  least  resistance  until  the 
end  of  some  of  these  resources  is  almost  in 
sight.  The  President  has  called  a  conference 
of  Governors  of  States  to  consider  what  can 
be  done  towards  conserving  the  coal  deposits, 
the  forests  and  the  water  supply,  all  of  which 
are  disappearing  with  startling  rapidity.  The 
common  weal  calls  for  engineers  prepared  to 
meet  the  situation ;  for  men  who  shall  know 
how  to  make  every  possible  unit  of  energy  use- 
ful by  improved  machinery  and  methods ;  who 
can  substitute  other  sources  of  energy  for 
those  which  are  vanishing;  and  who  can  plan 
and  organize  a  general  policy  looking  to  the 
largest  immediate  returns  without  sacrificing 
the  future  of  the  race. 

Our  country  calls  for  such  men  and  they  are 
needed  in  the  councils  of  the  nation.  The 
business  man  has  broken  into  the  preserves  of 
the  lawyers  in  legislative  halls  and  administra- 
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tive  offices.  Why  should  not  the  "live-wire"' 
engineer  be  there  also?  Why  should  he  not  be 
a  maker  of  policies,  instead  of  a  mere  techni- 
cian, retained  to  work  disadvantageous^  under 
the  direction  of  the  incompetent? 

We  sadly  need  in  public  affairs  some  of  these 
qualities  which  he  must  possess  and  cultivate. 
The  engineer  must  be  an  accurate  man ;  he 
must  know  his  data  and  his  formulas;  and  his 
calculations  must  be  exact.  He  is  needed  in 
politics  to  combat  its  dishonesty  and  slouchi- 
ness  of  thought  and  method.  The  engineer 
must  be  honest  with  himself — a  kind  of  honesty 
all  too  rare.  These  qualities  fit  him  rarely  for 
the  consideration  of  problems  of  national  im- 
port which  arc  not  usually  considered  as  en- 
gineering. 

The  engineer's  habits  of  thought,  carried  in- 
to political  economy,  may  :nake  of  it  a  higher 
grade  of  engineering.  Albert  Fink,  the  great 
civil  engineer,  spent  his  maturest  years  in  or- 
ganizing and  directing  the  railway  traffic  as- 
sociations of  the  country,  eliminating  waste  and 
dishonesty  and  endeavoring  so  to  unify  the 
great  volume  of  transportation  that  it  might 
give  the  public  the  best  service  at  the  lowest 
cost,  and  yet  permit  railways  to  make  such 
earnings  as  to  insure  further  development.  In 
this  work,  he  often  told  me,  he  was  still  the 
engineer.  He  had  graduated  from  one  life 
class  to  another,  finally  reaching,  as  he  deemed 
it.  the  highest  field  of  engineering. 

Such  an  engineer  will  not  be  content  with 
simply  estimating  the  construction  possibilities 
of  any  proposed  physical  development.  He  will 
examine  into  the  actual  necessities  for  it  and 
the  probabilities  of  adequate  return;  consider- 
ing that  the  public  money  should  not  be  sunk 
merely  for  the  benefit  of  speculators  and  con- 
tractors or  to  promote  the  fad  of  a  class  of  en- 
gineers. 

For  instance,  there  is  now  before  the  coun- 
try a  proposition  for  the  investment  of  enor- 
mous sums  in  the  improvement  of  waterways. 
These  are  advocated  by  three  classes — men 
having  an  itch  for  figuring  in  the  public  eye, 
politicians  seeking  an  issue  to  justify  their  ex- 
istence, and  engineers  interested  in  the  techni- 
cal features  of  the  proposed  work.  So  far  as 
I  can  see,  there  has  been  no  careful  investiga- 
tion of  the  traffic  which  can  possibly  be  devel- 
oped; and  in  most  cases  it  is  not  only  now  an 
unknown  quantity,  but  the  conditions   for  fu- 


ture development  are  utterly  lacking.  Ought 
not  the  ideal  engineer  to  be  an  economist,  who 
shall  dare  to  say  when  engineering  develop- 
ment ought  not  to  be  undertaken  as  well  as 
when  it  ought?  From  address  at  installation  of 
Dean  Goss,  University  of  Illinois. 


RUNNING  A  ROCK  DRILL 

The  rock-drill,  above  other  machines,  is  the 
most  subjected  to  rough  treatment,  the  more 
so  underground,  where,  because  of  the  bad 
light  and  want  of  space,  and  also  from  the 
inexperienced  hands  in  which  it  is  often  placed 
it  gets  more  knocking  about  than  is  good  for 
any  machine,  not  constructed  on  the  soundest 
model  and  of  the  strongest  material. 

In  some  kinds  of  rock  the  bit  is  very  liable 
to  stick,  and  then  the  workman  hammers  at 
it  or  upon  the  body  of  the  drill  with  whatever 
first  comes  handy.  A  blow  from  a  hammer 
is  the  quickest  way  to  release  a  drill,  and  will 
do  no  harm  to  a  first-class  machine,  but  the 
blow  should  be  given  to  the  steel,  and  not,  as 
often  happens,  on  the  piston  rod  or  machine 
itself.  To  illustrate;  an  instance  is  given  by 
Davies,  who  in  using  machine-drills  in  a  mine 
in  the  south  of  France,  where  the  miners  were 
a  hot-headed  mixture  of  Spanish  and  French 
blood,  had  trouble,  arising  from  the  men, 
when  the  bit  stuck,  striking  the  fronthead 
(stuffing-box)  of  the  drill  and  often  breaking 
it,  perhaps  accidentally,  perhaps  maliciously, 
since  such  a  break  would  create  a  delay  aris- 
ing from  the  necessity  of  changing  machines. 
In  that  particular  mine  it  happened  that  the 
miners  were  much  against  the  introduction  of 
machine  labor  for  stoping.  In  fact  such  was 
their  opposition  that  the  drills  were  set  to 
work  under  police  protection,  but,  notwith- 
standing all  precautions,  the  first  man  who 
undertook  to  run  one  was  assassinated,  and  the 
roof  of  the  underground  superintendent's 
house  was  destroyed  by  dynamite.  This  oppo- 
sition arose  from  their  idea  that  they  would 
be  thrown  out  of  employment  as  soon  as  rock- 
drills  were  set  to  work. 

It  is  difficult  to  find  and  train  men  well  fitted 
to  the  work  of  running  a  drill.  What  is  wanted 
is  a  man  of  an  energetic,  ingenious  turn  of 
mind,  possessed  of  much  patience,  who  will 
take  pride  in  overcoming  difficulties  in  his  way, 
and  who  will  not  be  happy  until  he  has  done 
so.    At  first,  such  a  man  may  lose  time  by  puz- 
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zling  oyer  the  job,  but,  once  he  gets  to  know 
his  machine,  he  will  not  readily  be  put  in  a  fix. 
It  is  always  advisable  to  have  a  man  available 
to  instruct  others  when  they  begin  this  work. 
As  soon  as  a  drill  needs  repair,  or  refuses  to 
work,  it  should  be  sent  to  the  surface,  as  it  is 
a  loss  of  time  to  undertake  to  repair  it  under- 
ground, and  one  is  liable,  in  so  doing,  to  lose 
some  of  the  fittings. 

The  machine-man  must  know  how  to  point 
his  holes  and  how  to  fix  his  support  where  it 
will  enable  the  drill  to  command  the  greatest 
number  of  holes.  In  operation,  if  a  column  or 
shaft-bar  is  to  be  used,  place  a  block  of  wood 
between  the  rock  and  one  end  of  the  bar, 
though  a  block  at  each  end  is  always  to  be 
preferred.  Fix  the  bar  firmly  and  rigidly  be- 
tween floor  and  roof  or  the  walls  by  means 
of  the  jack-screw.  Now  clamp  the  drill  tight- 
ly on  it  in  the  required  position  and  square  off 
the  rock,  where  the  drill  is  to  enter,  at  right 
angles  to  the  travel  of  the  bit.  This  should  be 
carefully  attended  to,  especially  in  hard  fissured 
rock,  since  the  bit,  under  the  heavy  blow,  will 
glance  aside,  and  not  cut  down  the  edge  of  the 
hole  in  line  with  the  travel  of  the  bit.  This 
deviation,  if  not  attended  to,  will  gradually 
carry  the  bit  so  much  out  of  line  as  to  waste 
the  whole  effect  of  the  blow  in  friction,  where- 
upon a  bit  of  smaller  size  must  be  inserted.  In 
fissured  and  troublesome  rock,  when  the  drill 
is  allowed  to  get  out  of  line  at  the  start,  it 
will  often  cause  trouble  throughout  the  entire 
hole,  while  a  hole  well  started  is  half  drilled. 

When  the  face  of  rock  has  been  squared, 
and  everything  is  ready  for  a  start,  put  in  the 
shortest  bit,  which  will  permit  a  good  travel 
of  the  feed  screw,  draw  out  the  piston-rod  un- 
til the  piston  strikes  the  bottom  of  the  cylinder, 
and  screw  forward  the  drill  until  the  bit 
touches  the  rock,  then  give  the  feed-screw  a 
couple  more  turns.  To  fix  the  bit  in  its  chuck 
all  that  is  necessary  is  to  force  back  the  pis- 
ton-rod, then  draw  it  smartly  forward,  strik- 
ing the  bit  against  the  rock.  Then  tighten  the 
U-bolt  nuts.  Permit  air  to  blow  through  the 
hose  to  remove  any  dirt  or  grit  which  may 
have  accumulated,  close  the  throttle-valve,  pour 
two  tablespoonfuls  of  oil  into  the  coupling, 
bend  the  hose  and  connect  it  to  the  machine. 
Oil  the  rotating  gear  by  removing  the  screw- 
plug  upon  the  top  cover  and  the  machine  is 
ready  to  start. 

Turn  air  into  the  hose  from  the  mains,  half- 


open  the  valve,  when  the  machine  will  start 
and  at  once  begin  to  cut  the  rock,  and,  as  the 
bit  penetrates  the  rock,  the  machine  must  be 
correspondingly  fed  by  the  feed-screw.  When 
four  to  five  inches  have  been  drilled,  turn  on 
full  air,  pour  water  freely  into  the  hole  and 
keep  turning  the  screw-feed  as  the  hole  ad- 
vances. When  the  short  drill  has  cut  as  deep 
as  it  will  reach,  shut  off  the  air,  get  the  ma- 
chine back  by  means  of  the  feed  screw,  remove 
the  bit  and  replace  it  by  the  next  longer  one. 
Strike  the  first  few  blows  at  half-pressure  to 
bring  the  bottom  of  the  hole  to  the  shape  of 
the  drill,  then  proceed  at  full  speed  as  far  as 
that  bit  will  allow,  when  it  in  turn  must  be  re- 
placed by  a  still  longer  one,  and  so  on  to  the 
depth   desired. 

In  running  a  new  machine-drill  zvith  steam, 
it  may  happen  that  it  will  not  start  readily,  or 
at  first  work  slowly.  This  is  caused  by  the 
unequal  heating  of  the  cylinder  and  will  dis- 
appear as  soon  as  the  machine  becomes  uni- 
formly heated.  When  starting  either  a  new 
machine,  or  one  which  has  been  laid  aside, 
pour  a  half-pint  of  coal-oil  into  it  to  remove 
the  gum  of  the  old  oil,  and,  after  a  few  min- 
utes' run,  oil  with  a  good  suitable  oil.  Keep 
the  machine  properly  oiled,  take  care  of  it, 
and  you  will  find  it  the  miners'  most  useful 
tool,  and  one  which  will  last  for  years  with 
trifling  repairs. — Mexican  Mining  Journal. 


THE  BUSINESS  OPPORTUNITY 

Labor  is  cheaper  now  than  it  was  a  year 
ago,  although  nominally  wages  are  the  same. 
It  is  cheaper  because  it  is  better. 

Materials  are  cheaper  than  they  were  a  year 
ago,  not  for  the  same  reason  that  labor  is 
cheaper  but  in  the  actual  prices  that  must  be 
paid. 

Last  year  the  majority  of  the  dealers  in 
building  material  had  all  the  trade  they  could 
handle.  This  year  business  has  been  fair,  as 
shown  by  the  building  records,  but  there  is 
room  for  a  very  considerable  improvement. 

The  one  great  reason  why  building  opera- 
tions should  be  undertaken  now  or  why  con- 
tracts for  supplies  should  be  entered  into  is 
that  they  can  be  made  on  more  advantageous 
terms. 

Materials  can  be  secured  for  lower  prices, 
will  be  delivered  more  promptly  and  in  a  more 
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satisfactory  manner  than  during  either  1906  or  per    ft.      Fifty-nine    of    the    rounds    needed    14 

1907.  holes   with   the   usual   three-hole  center  cut  to 

As  a  general  proposition  lumber  now  is  being  break  them  ;  100  rounds  required  only  12  holes, 
sold  for  10  to  15  percent  less  than  during  last  The   air  pressure  at  the  surface  was  80  lb. 

3  ear.     In   some  cases  where  the  trade  is  sup-  gage,  and  owing  to  the  pressure  gained  at  such 

plied   with   special   woods  a   reduction   to   that  great  depths  due  to  the  difference  in  weight  of 

extent  has  not  been  made.   However,   10  per  a  column  of  dense  air  compressed  to  80  lb.  in 

cent,  probably  represents  about  the  general  de-  the  pipes  and  the  normal  air  in  the  mine  pipe, 

cline   in   the   retail   price  of  building  material.  friction  was  balanced  and  the  air  was  supplied 

A    Cleveland    operator    has    supplied    some  to  the  machines  themselves  at  80  lb.    This  gain 

specific   information   showing  the   relative  cost  in  air  pressure  at  about  4,000  ft.  equals  10  lb. 

of  building  in    1907  and   1908  which   is  repro-  per    sq.    in.      Water    was   laid   on,   and   an    ar- 

duced  herewith  :  rangement  was  also  made  whereby  the  water 

Percent,   of  could  be   turned   into  the  air  pipe,  making  a 

1907.       1908.  decr'se.  spray   after   blasting   and   at   once   cooling   the 

Masonry  and  grading   .  .$1,329        $944        29.0  drive  and  laying  the  dust. 

Plastering       585  313        46.8  In  comparing  these  results  with  those  gained 

Plumbing     (40  500        21.9  in  adit  driving  in  America  it  must  be  borne  in 

Heating      730  570        22.0  mind   that   these  drives   are   not  straight,   that 

Painting      530  400        24.5  mechanical   haulage   is   not   used  and   that  the 

Tin    foregoing  comparative   values  represent"  gTQund  is  generally  harder  and  requires  more 

actual    figures   secured    by   a    gentleman     who  holes  and  larger  quantities  of  more  powerful 

wished  to  build.     The   1907  prices  were  made  explosives,  while  the  smaller  size  of  the  exca- 

during   the    latter   part   of   that   year    and    the  ration  does  not  give  room  for  an  economical 

1908  prices  this  month   (June).  arrangement  of  holes. 

It  is  high  time  the  general  public  informs  it- 
self of  this  condition  of  affairs  and  profits  by 

the     opportunity    now     presented,     one     which  A   COAL   MINE  TIMBER   PULLER 

probably  will  not  long  be  available.— American  The  half-tone  shows  a  device  of  the  Curtis 

Lumberman.  &    Company    Manufacturing    Company,   of   St. 

Louis,   by   means  of  which   compressed  air   is 

RECORD  DRIVING  IN   SOUTH  AFRI-  employed   for   removing  timbers   from  the  de- 

CAN  MINES  pleted  sections  of  coal  mines  to  be  used  else- 

With  more  rock  drills  for  a  given  area  than  where.     The  air  used  is  quite  inappreciable  in 

anywhere   else   in    the   world    it   might   be   ex-  comparison  with  that  required  for  rapidly  op- 

pected   that   on   the   Rand    some   of   the   world  erating   machines,   .and    the    saving   in    timbers 

records  would  be  made.      Mr.   E.   M.   Weston,  wjH  pav  for  the  rig  in  a  short  time. 
Manager.     Rand     Collieries.     Ltd.,     Brakpan.  Scarcely    any    explanation    is    required.      An 

Transvaal,   contributes   the   following   to   a   re-  air  cylinder  is  mounted  upon  steel  skids  which 

cent  issue  of  the  Engineering  and  Mining  Jour-  can  be  temporarily  secured  to  track  ties  or  oth- 

nal,  which  is  showing  its  enterprise  by  keeping  erwise  braced  for  the  pull.    The  end  of  the  pis- 

in  close  touch  with  South  African  mining  oper-  ton   rod  carries  a  clevis  to  which  the  chain  is 

ations.  attached.      The  chain   passes   through   a   guide 

On   the   Simmer   reef,   which   is  about  4,000  at   the    front   end   of   the   skids   and   may   lead 

ft.  deep,  the  record  for  driving  established  on  ()ff  jn  anv  distance  and  also  at  a  considerable 

the   Cinderella   reef   has   been    lowered.      The  angie,  so  that  a  number  of  pulls  may  be  made 

15th  level  was  advanced  294  ft.  in  61  shifts  of  for  each  locating  of  the  puller.    The  air  supply 

10  hours.    The  size  of  the  drive  along  the  reef  may  be  led  to  the  apparatus  by  the   smallest 

was  7x5  ft.     One  white  man  and  six  Chinese  hOSe  in  use.     The  air  valve  is  attached  to  the 

operated  three  Ingersoll-Sergeant  3^4-in-  drills  fr0nt  cylinder  head  so  that  the  operator  is  al- 

on  one  bar.    One  round  was  drilled  and  blasted  ways  Jn  position  to  watch  the  pull.     The  valve 

each  shift,  and  the  average  gained  per  round  may  be  opened  as  gently  as  may  be   desired 

was  4.8   ft.      Blasting   gelatine   was   employed,  for  either  movement  of  the  piston  and  is  self- 

and  50  lb.  was  usfed  to  advance  4.5  ft.  or  11  lb.  closiri"-  when  released. 
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A  COAL  MINE  TIMBER  PULLER 


A   LARGE  TROUBLE    FROM    A   LITTLE 
LEAK 

In  an  enumeration  of  various  experiences 
of  a  trouble  hunter  in  a  recent  issue  of  The 
Contractor  the   following  occurs: 

A  Western  concern  sold  a  Corliss  steam 
driven  air  compressor  of  2,000  cubic  feet  capac- 
ity. It  was  set  up  and  started  to  the  entire  sat- 
isfaction of  buyer  and  seller.  After  the  com- 
pressor had  been  in  operation  about  a  month 
the  manufacturers  were  notified  that  it  failed 
to  regulate  and  was  workng  in  a  very  unsatis- 
factory manner.  An  expert  was  requested  to 
come  and  look  into  the  matter  at  once.  The 
trouble  hunter  found  everything  in  perfect  or- 
der so  far  as  appearances  went,  but  the  regula- 
tion certainly  was  poor,  and  the  air  pressure 
varied  greatly  without  apparent  cause.  Upon 
closing  down  in  the  evening  the  valve  gear  was 
examined,  but  the  cause  of  the  trouble  could 
not  be  found.  Next  day's  search  was  equally 
fruitless.  As  a  forlorn  hope  the  air  regulator 
was  taken  apart  and  examined.  Nothing 
could  be  found  upon  minute  examination  that 
could  have  caused  any  trouble.  Yet,  strange  to 
say,  when  the  regulator  had  been  re-assem- 
bled the  compressor  ran  with  perfect  regula- 
tion as  if  it  were  working  for  a  prize.  The 
trouble  hunter  looked  wise  and  said  nothing, 
though  he  went  home  mystified.  Two  months 
later  he  was  called  back  again  by  a  repetition 
of  the  former  trouble.  This  time  before  taking 
the  governor  apart  a  most  painstaking  investi- 
gation was  made.  It  was  found  at  last  that  the 
air  cylinder  of  the  governor,  which  was  con- 
nected with  the  receiver  by  a  quarter-inch 
pipe,  had  a  leak  at  the  joint,  which  was  made 
with    a   cap,    so   minute   that   the    air    blowing 


through  it  was  not  noticed.  Yet  the  quarter- 
inch  pipe  not  being  large  enough  to  take  care 
of  the  leak  without  a  reduction  in  pressure, 
any  change  in  pressure  in  the  receiver  did 
not  have  its  proper  effect  on  the  air  cylinder 
of  the  governor.  When  this  minute  leak  was 
stopped  the  compressor  worked  satisfactorily 
and  has  given  no  further  trouble. 


THE  LIMIT  IN  SHAFT  SINKING 

It  may  fairly  be  said  that  the  technique  of 
shaft  sinking  has  undergone  such  great  im- 
provements in  recent  years,  that  it  is  now 
probably  quite  equal  to  any  demands  that  can 
be  made  upon  it  for  some  time  to  come.  The 
deepest  shafts  in  the  world  are  in  the  copper 
mining  district  of  Lake  Superior,  where  there 
are  at  least  two  close  upon  5,000  ft.  in  depth; 
with  the  exception  of  this  district,  of  a  few 
shafts  in  the  Bendigo  district  of  Victoria,  a 
few  at  Johannesburg,  and  some  in  the  Przi- 
bram  mines  in  Bohemia,  it  may  be  said  that 
there 'are  practically  no  shafts  in  metal  mines 
over  3,000  ft.  deep,  so  that  the  ability  to  reach 
considerably  greater  depths  than  have  hitherto 
been  obtained  in  most  mineral  fields  may  be 
taken  for  granted.  Indeed,  as  far  as  the 
actual  sinking  is  concerned,  there  would  prob- 
ably be  no  serious  difficulty  in  sinking  a  shaft 
10,000  ft.  deep,  provided  that  it  could  be 
known  with  certainty  that  a  deposit  of  ore 
would  be  met  with  of  sufficient  value  to  recoup 
the  outlay  incurred  in  such  a  sinking;  in 
other  words,  the  main  problems  connected 
with  deep  sinking  are  economic  rather  than 
technical.  Apart  from  the  difficulties  of  hoist- 
ing and  pumping,  the  main  obstacle  to  very 
deep  working  will  probably  be  the  effect  of  the 
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high  temperatures  that  are  met  with  at  such 
depths  upon  the  workmen  employed.  Men 
seem  to  feel  the  effects  of  moist  heat  when 
the  wet  bulb  registers  about  75  degs.  Fahr., 
and  must  then  commence  to  strip  so  as  to 
expose  a  greater  surface  of  the  skin  for  evap- 
oration, and  the  limits  of  working  power  seem 
to  be  reached  at  about  100  degs.  Fahr  in  a 
moist  atmosphere. .  It  may,  however,  be  urged 
that  the  artificial  cooling  of  working  places  is 
neither  difficult  nor  costly,  and  that  with  the 
increasing  employment  of  mechanical  devices 
underground,  the  amount  of  physical  exertion 
required  from  the  miner  is  continually  dimin- 
ishing.— Prof.  Henry  Louis,  "James  Forrest" 
Lecture,  Institution  of  Civil  Engineers. 


COMPRESSED   AIR  OPERATES  THE 
VACUUM    CLEANER 

In  cleaning  cars  by  the  direct  action  of  com- 
pressed air  the  seats  and  cushions  must  be  re- 
moved from  the  car  and  blown  out.  The  blow- 
ing scatters  the  dirt  and  allows  some  of  it  to 
remain  in  the  cushions.  If  the  compressed  air 
jet  is  used  inside  the  car  for  blowing  out  the 
dirt,  the  dust  and  dirt  are  simply  blown  from 
one  seat  to  another  and  not  removed  from  the 
car.  The  vacuum  cleaner  removes  all  the  dirt 
from  seats  and  cushions  by  suction,  carries  it 
outside  the  car  through  the  hose  and  deposits 
it  in  the  receiving  tank,  all  without  raising  a 
particle  of  dust  in  the  car. 

The  apparatus  consists  of  a  dust  collecting 
tank  so  arranged  internally  as  to  separate  the 
dust  from  the  air,  an  air  jet  vacuum  pro- 
ducer mounted  on  top  of  the  tank,  special  vac- 
uum hose  for  conveying  the  dirt  from  the  car 
to  the  vacuum  tank  and  the  sucking  nozzles. 
These  are  made  of  metal  and  have  from  one 
to  three  slots  in  each  through  which  the  air 
is  drawn  with  a  rusli  bringing  the  dust  and 
dirt  with  it.  The  vacuum  producer  is  con- 
nected with  it.  The  vacuum  producer  is  con- 
nected to  the  compressed  air  supply  (either  the 
pipe-line  or  the  air  brake  reservoir  on  the  car) 
by  means  of  a  compressed  air  hose.  The  vac- 
uum hose  is  attached  to  the  side  of  the  tank. 
and  the  other  end  with  the  tools  attached  is 
carried  into  the  car.  The  .compressed  air  is 
turned  on  and  regulated  by  the  valve  on  the 
vacuum  producer  until  the  proper  vacuum  is 
obtained.  The  cleaning  tools  are  then  passed 
over  the  seats  and  other  parts  to  be  cleaned 
until    the    dirt    is    removed. 


NOTES 

A  small  balloon  sent  up  by  Prof.  Rotch  of 
Blue  Hill  observatory,  near  Boston,  registered 
an  altitude  of  46,680  feet,  and  a  temperature 
of  in  degrees  Fahr.  Whether  the  lowest  tem- 
perature was  coincident  with  the  greatest  al- 
titude did  not  appear. 


Diamonds,  though  extremely  hard,  are  also 
very  brittle  and  are  easily  fractured  by  a  sharp 
blow.  If,  however,  a  good  diamond  is  placed 
between  the  jaws  of  a  hydraulic  press,  and  the 
pressure  is  applied  slowly  and  without  jerk, 
the  jaws  may  be  made  to  meet  without  the 
slightest  injury  to  even  the  edges  of  the  dia- 
mond, a  perfect  impression  of  which  will  be 
found  in  the  hard  steel  jaws.  This  interesting 
experiment,  illustrating  at  once  the  hardness 
of  one  material  and  the  flow  of  another  mater- 
ial also  considered  hard,  doubtless  many  read- 
ers will  be  trying  for  themselves. 


The  R.  D.  Xuttall  Company,  of  Pittsburg, 
announces  the  establishment  of  a  new  depart- 
ment to  be  devoted  exclusively  to  the  manu- 
fatcure  of  gears  and  pinions  for  air  com- 
pressors. This  company  has  for  some  time 
been  supplying  gears  and  pinions  for  all  the 
standard  makes  of  air  compressors.  It  is 
owing  to  the  rapidly  growing  demand  for 
compressed  air  in  a  number  of  important 
industries  that  a  special  department  was  found 
necessary.  The  department  will  be  equipped 
to  turn  out  gears  and  pinions  for  the  standard 
types  of  compressors  upon  short  notice,  and 
to  better  accommodate  the  users  of  com- 
pressors will  carry  a  complete  assortment  from 
which  immediate  shipment  can  be  made. 


There  died  a  short  time  ago  in  Grass  Valley, 
Cal.,  a  noted  character  who.  was  widely  known 
in  that  State  for  his  long  and  persistent  work 
as  a  miner  under  adverse  circumstances.  He 
was  a  pioneer  and  lost  his  sight  by  a  blast  some 
56  years  ago.  Despite  his  affliction,  Hyman 
Clendenning  continued  work  as  a  miner  until 
quite  lately,  when  old  age  and  ill  health 
stopped  him.  He  had  a  theory  about  the  exist- 
ence of  a  rich  gravel  channel  underlying  a 
certain  tract  of  land,  and  for  many  years  car- 
ried on  work  alone  in  a  tunnel  to  develop  this 
channel.  Quite  recently  the  Jenny  Lind  Mining 
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Company  struck  this  channel  and  is  finding  it 
extremely  rich.  While  his  theory  was  proven, 
it  was  of  no  benefit  to  the  blind  miner,  who 
had  been  unable  to  get  assistance  to  carry  his 
tunnel  to  completion.  So  persistent  was  he, 
however,  that  He  worked  alone,  as  stated,  for 
many  years,  and  did  his  mining  work  with 
skill,   notwithstanding   his   blindness. 


Extensive  experiments  have  been  carried 
out  on  the  Austrian  government  railways 
with  automatic  vacuum  brakes  on  freight 
trains.  A  train  composed  of  70  cars  loaded 
with  coal,  and  weighing  44,000  pounds  each, 
was  fitted  with  automatic  brakes.  Numerous 
trials  were  carried  out  with  this  train  on  lines 
having  different  road  conditions,  and  the  trials 
were  repeated  on  a  line  with  gradients  of 
from  3  to  3.1  per  cent.  In  this  experiment 
the  train  was  composed  of  70  freight  cars  and 
5  passenger  cars,  interspersed  for  observation 
purposes.  Twenty-nine  of  the  total  75  cars 
carried  load,  and  46  carried  no  load.  The 
weight  of  the  train,  including  locomotive  and 
tender  amounted  to  1,201.7  metric  tons  (1,322 
short  tons)  and  the  total  length  of  the  train 
was  2,620  feet,  or  nearly  half  a  mile.  The  re- 
sults are  said  to  have  been  very  satisfactory. 
Considering  the  length  of  the  train,  the  brake 
valve  on  the  last  car  came  in  action  very 
rapidly,  only  2.2  seconds  being  required  for 
the  brakes  to  be  applied  on  the  last  car  after 
they  had  been  applied  on  the  locomotive. 


Liquir  air  is  used  to  some  extent  for  blast- 
ing purposes  in  a  few  German  coal  mines.  It 
was  first  used  in  combination  with  other  mate- 
rials, but  is  now  used  alone.  Its  explosive 
power  depends  upon  its  property  of  turning 
suddenly  into  vapor  at  an  elevated  tempera- 
ture. If  the  vessel  holding  the  liquid  air  is 
sufficiently  tight,  a  high  explosive  power  is 
attained.  For  this  reason  vessels  with  a  small 
opening  are  used  for  storing  it.  This  charac- 
teristic makes  it  necessary  to  place  the  car- 
tridge in  place  before  it  is  loaded.  The  car- 
tridges are  made  of  thick  phosphor  bronze 
and  are  loaded  so  that  the  pressure  reaches 
80  lbs.  per  sq.  in.  The  explosion  takes  place 
in  6  or  8  min.  after  loading.  About  30  tons  of 
coal  are  broken  by  one  shot.  The  coal  falls 
in  blocks  about  2  ft.  in  cercumference.  A 
heavier  loading  of  the  cartridge  would  cause 
the  coal  to  be  broken   into   slack. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  patent  may 
be  obtained  by  sending  five  cents  (not  stamps)  to  the 
Commissioner  of  Patents,   Washington,  1).  (J. 

JUNE   2. 
889,290.      WINDMILL.      Albert    J.    Anderson, 

Batavia,    111. 
889,398.      ROTARY   COMPRESSOR.    Cassius    C. 

Palmer,  New  York,  N.  Y. 
889,477.     Motor  Mechanism.     Austin  E.  Miller, 
Cheney,   Wash. 

1.  In  mechanism  of  the  class  described,  a 
reservoir  for  storing  gases  under  pressure,  an 
explosion  chamber  in  communication  therewith, 
an  air  compressing  cylinder,  a  plunger  therein, 
a  motor  having  an  inlet  port  connected  to  the 
reservoir,  means  for  operatively  connecting  the 
motor  to  the  plunger,  and  a  liquid  fuel  measur- 
ing means  controlling  communication  between 
the  pumping  cylinder  and  the  explosion  cham- 
ber. 

889,547.  DIE-CASTING  APPARATUS.  Albert 
G.  Rauh  and  Lawrence  Oslen,  Indianapolis, 
Ind. 

1.  In  a  die  casting  apparatus,  the  combina- 
tion with  a  crucible,  a  charging  cylinder,  means 
connecting  said  charging  cylinder  and  said  cruc- 
ible, and  a  die  situated  under  and  contacting 
said  charging  cylinder,  of  a  fluid  pressure  and 
a  molten  metal  supplying  means,  and  a  lever 
common  to  both  said  means  whereby  the  molten 
metal  and  the  fluid  pressure  are  alternately  ad- 
mitted into  and  exhausted  from  said  charging 
cylinder. 

889,794.  VALVE  MECHANISM  FOR  WATER- 
ELEVATORS.  J.  L.  Latta,  Hickory,  N.  C. 
1.  In  apparatus  of  the  class  described,  a  main 
air  valve,  a  casing  within  which  the  valve  is 
arranged,  a  compressed  air  pipe  connected  to 
the  casing,  a  valve  for  controlling  the  movement 
of  the  main  valve,  an  air  driven  motor  for  actu- 
ating the  controlling  valve,  means  for  connect- 
ing the  motor  to  a  source  of  compressed  air 
supply  under  a  pressure  greater  than  that  sup- 
plied to  the  main  air  valve,  and  means  for  di- 
recting a  portion  of  the  exhaust  from  the  motor 
into  said  pipe. 

889,701.  APPARATUS  FOR  DISINTEGRATING 
FUEL-OIL.  Harry  Luckenbach,  San  Fran- 
cisco,   Cal. 

In  an  appartus  of  the  character  described,  the 
combination  with  a  hollow  body,  of  a  nozzle 
therein  for  discharging  compressed  air,  a  pipe 
for  feeding  oil  opening  in  front  of  said  nozzle,  a 
pipe  connected  to  said  hollow  body  and  a  coiled 
spring  in  said  pipe  tapering  towTards  its  dis- 
charge end,  and  made  with  flattened  surfaces, 
substantially  as  described.  ' 

889.883.      WIND-OPERATED   DYNAMO.      Emil 
J.  Johnson,  Madrid,  Iowa. 
JUNE    9. 
889,992.        VACUUM-BOTTLE     AND     CASING. 

Garry   P.   Van   Wye,    New   York,   N.   Y. 
890,012.     PERCUSSION  ROCK-DRILL.     Robert 

Anderson.  Johannesburg,  Transvaal. 
890,057.      COMBINATION    GAS    AND    WATER 
VALVE.     Herbert  S.  Humphrey,  Kalamazoo, 
Mich. 
890,065.      ROCK-DRILL.      Moses   Kellow,   Pen- 

rhyndendraeth,   England. 
890,108.       PNEUMATIC    RIVERTER.      Wilbur 

H.   Van   Sickle,    Philadelphia,    Pa. 
890,289.         OXYGEN-CUTTING      APPARATUS. 

Henry  P.  Merriam,  New  York,  N.  Y. 
890,310.     SANDING   APPARATUS   FOR   TROL- 
LEY CARS  AND  THE  LIKE.     Charles  Sny- 
der,   Manayunk,    Pa. 

In  a  sanding  apparatus,  a  sand  box,  a  delivery 
pipe  leading  into  one  end  thereof,  a  partition 
secured  to  said  end  of  the  box  so  as  to  have  Its 
lower  end  registered  with  said  pipe,  the  top 
end  of  the  partition  terminating  below  the  top 
of  the  box  so  as  to  provide  a  constricted  pass- 
age in  conjunction  therewith,  a  pair  of  hori- 
zontal   air    pipes    leading   into    the    opposite    end 


5ooo 


COMPRESSED  AIR. 


of  the  box,  said  pipes  being  spaced  apart  and 
being  arranged  so  that  one  is  adjacent  the  top 
of  the  box,  and  the  other  is  adjacent  the  bottom 
of  the  box,  and  means  for  supplying  compressed 
air  to  each  of  said  pipes. 
890,439.  ACETYLENE-GAS       GENERATOR. 

James    E.    McIntire,    Columbus,    Ohio. 
890,488.  PNEUMATIC         VALVE-ACTION. 

Harry  Bainton,  New  York,  N.  Y. 
890,516.  AIR  COOLING  AND  HUMIDIFYING 
APPARATUS.  James  Kelly,  Providence, 
R.  I. 
890,546.  ROCK-DRILLING  EXPLOSIVE-EN- 
GINE. August  B.  Wittman  and  George  L. 
Rork,    Denver,    Col. 

JUNE    16. 

890,620.       PROCESS    AND    APPARATUS    FOR 
INJECTION    OF    LIQUID    FUELS    INTO   IN- 
TERNAL-COMBUSTION ENGINES.  Rudolph 
Diesel,    Munich,    Germany. 
1.  A    process    of    injecting    fuel    into    internal 

combustion    engines    which    consists    in    injecting 

a  jet   of   liquid  fuel    previously   oxygenated,   into 

a    body    of    compressed    air    in    the    compression 

space   of   the   engine. 

890,671.  PNEUMATIC  WHEEL  FOR  VEHI- 
CLES, Bryce  J.  Macaulay,  Eastbourne,  and 
James  A.  F.  Hall,  Hampden  Park,  near 
Eastbourne,   England. 

890,808.  ROD-PACKING  FOR  ROCK-DRILLS. 
William  L.  Smith,  Columbus,  Ohio. 

S90,893.  WIND-DRIVEN  PUMP.  Eugene  Eg- 
gleston,   Columbus,    Ohio. 

890.930.  AIR-BRAKE  SYSTEM.  Harold 
Rowntree,    Chicago.    111. 

890.931.  AIR-BRAKE-CONTROL  MECHAN- 
ISM.    Harold  Rowntree,  Chicago.  111. 

890.932.  AIR-BRAKE  EQUIPMENT  FOR 
CARS.      Harold  Rowntree,   Chicago,  111. 

890.933.  BRAKE  MECHANISM.  Harold 
Rowntree,  Chicago,  111. 

890,978.     PNEUMATIC  DRILL.     Martin  Hard- 

socg,    Ottumwa,    Iowa. 
S90.9S7.      NOZZLE  FOR  PNEUMATIC  CLEAN- 
ING APPARATUS.     Arthur  W.  Kindel,  Den- 
ver,  Colo. 
890,994.      APPARATUS   FOR   UTILIZING   THE 
FORCE    OF    THE    WAVES    OF    THE    SEA. 
Peter    Morice,    Neutral    Bay,    North    Sydney, 
New  South  Wales,  Australia. 
1.  In  an  apparatus  for  utilizing  the  force  of  the 
waves    of    the    sea,    a    platform    A,    one   or   more 
cylinders,  open  at  both  ends,  pendent  therefrom, 
means    for    automatically    controlling    the    posi- 


tion of  the  cylinders  by  the  tide,  easy  fitting 
pistons  or  disks  within  the  cylinders,  piston  rods 
rising  vertically  from  the  cylinders,  and  means 
for  connecting  the  piston  rods  with  compression 
pumps,  as  and  for  the  purpose  set  forth. 
891,026.       VACUUM-PUMP.       Joseph     Zeitlin, 

Kensington,    England. 
891,144.  TERMINAL       FOR.      PNEUMATIC- 

TUBE   SYSTEM.      Charles   H.    Burton,   Wash- 
ington, D.  C. 
891,180.  AIR-VALVE       FOR       RADIATORS. 

Fred  W.  Leuthesser,  Chicago,  111. 
891.211.      AIR-GUN.      Augustus    H.    M.    Driver 
and  George   Norman,   Small   Heath,   near  Bir- 
mingham,   England. 

JUNE     23. 
891,290.     BLOWING  ENGINE  OR  PUMP.  GUS- 

tav  B.   Petsche,   Philadelphia,   Pa. 

2.  In  a  blowing  engine  or  compressor  the  com- 
bination with  the  cylinder  having  the  cham- 
bered  end  members  connected  by  a  hollow  cen- 
tral member,  said  central  member  having  ports 
formed  in  it  which  serve  to  pass  the  fluid 
pumped  or  compressed  from  the  cylinder  into 
the  receiving  space  formed  by  the  chambers  in 
said  end  members  and  the  Interior  of  said  hol- 
low central  member,  of  the  annular  reciprocat- 
ing piston  in  said  cylinder  and  surrounding  said 
central  member,  and  the  outlet  valve  mechan- 
ism controlling  said  ports  located  in  said  hol- 
low member. 
891,299.  PNEUMATIC        STRAW-STACKER. 

Sherman    B.    Smith    and    Harry    W.    Smith, 

Hamilton,    Ontario,    Canada. 
891.324.     TERMINAL  FOR  PNEUMATIC-TUBE 

SYSTEMS.     Charles  H.  Burton,  Washington, 

D.  C. 
891,341.         MEANS      FOR      AUTOMATICALLY 

STOPPING   TRAINS.    George   W.    Hunt   and 

Jerry  Kinney,  Pocatello,  Idaho. 

1.  The  combination  with  a  truck  including  an 
air  brake  mechanism,  of  an  open-ended  tam- 
pion holder  having  communication  with  the  air- 
brake mechanism  and  containing  a  tampion  fu- 
sible in  the  event  of  a  hot  box  to  permit  of  the 
escape  of  the  air  from  the  air  brake  mechan- 
ism. 

891.472.  VALVE  FOR  OPERATING  ROCK- 
DRILLS.  George  A.  Fowler,  Georgetown, 
Colo. 

891.473.  TUNNEL  -  DRrVING  MACHINE. 
George  A.  Fowler,  Georgetown,  Colo. 

891,675.  PNEUMATIC  ADJUSTER  FOR  AN- 
GLE-COCKS ON  TRAIN-PIPES.  William  S. 
De   Camp,   Chillicothe,   Ohio 
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891,676.  MEANS  FOR  CONTROLLING  PNEU- 
MATIC SIGNAL-PIPES  ON  RAILROAD- 
TRAINS.     William  S.  De  Camp,  Chillicothe, 

Ohio. 
891,795.      APPARATUS  FOR  STEERING 

STEAMSHIPS  AND  OTHER  VESSELS.  John 

S.   Clarke,   Cleveland,   Ohio. 

1.  A  steering  mechanism  for  vessels  operating 
with  a  liquid  control  and  fluid  pressure  thereon 


comprising  a  quadrant  shaped  chamber  adapted 
to  be  filled  with  liquid,  a  rudder  shaft  therein 
and  a  piston  fixed  on  said  shaft,  in  combination 
with  means  to  operate  said  piston  comprising 
a  set  of  expansion  chambers  adapted  each  to  be 
partially  filled  with  liquid  and  pressure  fluid 
respectively,  passages  connecting  said  cylinders 
with  said  piston  chamber  on  opposite  sides  of 
said    piston    and   a   valve   for   each   of   said   pas- 
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sages,  pressure  fluid  inlet  openings  to  the  top 
of  said  expansion  chambers  and  a  slide  valve  to 
control  said  openings,  and  means  to  operate  all 
said  valves  simultaneously  comprising  a  rotata- 
ble  member  adapted  to  be  operated  by  a  cable 
and  an  arm  controlled  thereby,  whereby  the 
flow  of  liquid  to  and  from  said  piston  chamber 
and  the  flow  of  pressure  fluid  to  and  from  said 
cylinders,  respectively,  are  brought  under  a 
single  control. 

891,801.     MUSICAL-DEVICE  PNEUMATIC  AP- 
PARATUS.     Robert   A.   Gally,   Brooklyn,   N. 


T. 


JUNE    30. 


891,808.  AUTOMATIC  DRAIN-COCK  FOR  AIR- 
BRAKES. Frederick  W.  Adams,  Selma,  Iowa. 

891.830.  METHOD  OF  FILLING  MATTRESSES. 
Ferdinand  Franke,   Clark  county,  Ind. 

1.  The  herein  described  method  of  forming  mat- 
tresses which  consists  of  directing  an  air  blast 
into  the  tick  of  the  mattress  to  inflate  it  and 
discharging  the  filling  material  into  said  tick 
along  with  said  air  blast. 

891.831.  PNEUMATIC      HAMMER.        Joseph 
Frederick,    Stroudsburg,    Pa. 


891,858.  BLOWING-ENGINE  OR  COMPRES- 
SOR.    Gustav  B.  Petsche,  Philadelphia,   Pa. 

892,082.  ROCK-DRILLING  MACHINE.  Will- 
iam Prellwitz,  Easton,  Pa. 

892,098.  AIR-COMPRESSOR.  James  Thorn- 
ton, Jr.,  and  James  Thornton,  Sr.,  Duquoin, 
111. 

892.122.  FLUID-PRESSURE  BRAKE  MECH- 
ANISM.    John  H.  Bleoo,  Brooklyn,  N.  T. 

892.123.  FLUID-PRESSURE  BRAKE  MECH- 
ANISM.    John  H.  Bleoo,  Brooklyn,  N.  T. 

892,151.  SANDER.  John  H.  Hanlon,  Somer- 
vllle,  Mass. 

1.  In  a  pneumatic  track  sander,  the  combina- 
tion of  a  sander-body  comprising  an  elbow  and 
provided  with  a  clean-out  opening,  a  cover  for 
said  clean-out  opening  and  an  air  nozzle  pass- 
ing  through    the    said    cover   and   lying   on   the 
floor  of  the  interior  of  the  sander-body. 
892,254.     MILKING-MACHINE.     Edward  Han- 
son,   Kane,    Pa. 
892  260.  COMBINED  STREET  SWEEPER  AND 
CLEANER.       Henry     A.     Huber,     Winnipeg, 
.Manitoba. 
892,382.      SIPHON  DEVICE  FOR  WITHDRAW- 
ING LIQUIDS  FROM  VESSELS.     Albert  W. 
Omond,  Bendigo,  Victoria,  Australia. 


Pneumatic  Patents,  June  30. 
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A  VARIABLE  VOLUNE  AIR  COM- 
PRESSOR 

Varying  Delivery  by  Quarter  Loads  While 
Maintaining  Full.  Compound  Efficiency. 

By  H.  V.  Haight.* 

The  machine  illustrated  is  a. duplex-tandem 
compound  compressor,  each  side-  being  prac- 
tical!}' a  complete  machine.  The  principal  di- 
mensions are  as  follows :  Diameter  each,  low- 
pressure,  cylinder s,  25  inches;  diameter  each, 
high-pressure   cylinders,    16   inches ;    stroke,   36 


weight  of  wheel,  26.000  pounds;  weight  of  base 
plate.  25,000  pounds ;  total  weight  of  machine, 
110.000  pounds;  horse-power  of  driving  mo- 
tor, (00.  .     .    > 

This  compressor  was  built  for  British  Co- 
lumbia, where  most  of  the  large  motor-driven 
compressors  in  Canada  are  located.  Practi- 
cally all  of  the  large  motor-driven  compres- 
sors in  British  Columbia  are  driven  by  ropes, 
on  the  Dodge- American  system,  with  long  cen- 
ters, usually  S5  feet.  The  diameter  of  the 
ropes  is  usually   il/\   or   il/2  inches.     Fig.    1    is 


FIG.   I.      LARGE  CANADIAN   VARIABLE    VOLUME  AIR  COMPRESSOR. 


inches ;    revolutions   per   minute,   85 ;    displace 
ment,    cubic    feet    free   air    per    minute,    3.474 ; 
rope   wheel,   diameter     16    feet;     diameter     of 
ropes,    1    inch;    number    of    rope   grooves.    [8; 


*Chief    Engineer,    Canadian    Rand    Company. 
Ltd. 


not  the  one  belonging  to  the  compressor,  as  its 
own  wheel  had  already  been  shipped.  It  has 
a  double  set  of  arms,  and  there  is  an  arm 
close  to  the  joint  on  each  side  to  support  the 
heavy  lugs.  The  net  area  of  the  bolts  in  the 
rim  joint  is  about  jt,  per  cent,  of  the  net  area 
of  the  rim.     At  the   rated   speed  of  85   revolu- 


5004 


COMPRESSED  AIR. 


tions  per  minute  the  velocity  of  the  rim  is 
4,250  feet  per  minute  and  the  calculated  stress 
is  400  pounds  per  square  inch  in  cast  iron  and 
2.100  pounds  per  square  inch  in  the  steel  bolts. 
It  is  hardly  possible  for  a  machine  driven  by 
an  alternating-current  motor  to  run  much  over 
its  rated  speed,  but  even  at  41  per  cent,  higher 
speed,  which  would  double  the  stresses,  the 
wheel  would  still  be  absolutely  safe. 

VARYING    AMOUNT    OF    AIR    COMPRESSED. 

Attention  is  called  particularly  to  the  method 
of  unloading  the  air  cylinders,  so  that  the 
amount  of  air  compressed  will  be  varied  to 
suit  the  requirements. 

The  inlet  valves  on   both   high-pressure  and 


3d  stage.  Left-hand  low-pressure  rear  valve- 
and  left-hand  high  pressure  front  valve. 

4th  stage.  Right-hand  low-pressure  rear 
valve  and  right-hand  high-pressure  front 
valve. 

I  he  diagram.  Fig.  3,  will  make  it  plainer. 

The  first  stage  unloads  1,  1,  the  second  stage 
2,  2,  the  third  stage  3,  3,  and  the  fourth  stage 
4.  4.  This  gives  the  following  variations  of 
capacity:  Full  load,  y±  load,  l/2  load,  ^  load, 
no  load.  At  whichever  stage  the  machine  is 
working  the  cylinder  ratio  is  the  same,  and 
whatever  air  is  being  delivered  is  being  com- 
pressed at  full  compound  efficiency. 

There    are    small    weights    inside    the    large 


10  Air  loi.k. 


FIG.  II.      RELEASING  GEAR. 

low-pressure  cylinders  are  of  the  Corliss  type 
with  releasing  gear  but  without  dash  pots,  as 
shown  in  Fig.  2.  When  the  piston  is  com- 
pressing air  the  valve  does  not  release,  but  is 
opened  by  the  eccentric  a  little  after  the  be- 
ginning of  the  suction  stroke  ( about  3  per 
cent.,  to  allow  for  the  expansion  of  the  air 
in  the  clearance  space),  and  closed  by  the  ec- 
centric at  the  end  of  the  stroke.  The  action 
of  the  unloader  is  to  admit  air  to  the  trip  cylin- 
der, shown  in  section,  which  pushes  out  the 
plunger,  pushes  down  the  trip  cam,  and  re- 
leases the  hook.  The  valve  then  remains  open 
and  the  air  blows  freely  in  and  out  of  the 
cylinder.  The  valve  is  prevented  from  moving 
too  far  when  released  by  a  stop  on  the  outer 
valve  bonnet.  There  are  eight  Corliss  valves, 
and  these  are  unloaded  in  pairs  in  the  follow- 
ing order : 

1st  stage.  Left-hand  low-pressure  front 
valve  and  left-hand  high-pressure  rear  valve. 

2d  stage.  Right-hand  low-pressure  front 
valve  and  right-hand  high  pressure  rear  valve. 


FIG.   III.     PLAN,   SHOWING  CUT-OUTS. 

weights  arranged  to  be  picked  up  or  dropped 
one  at  a  time,  at  each  stage,  so  that  not  more 
than  a  quarter  of  the  load  will  be  thrown  off 
or  on  at  one  time.  Throwing  on  one-quarter 
of  the  load  at  a  time  does  not  produce  any  per- 
ceptible rush  of  current  in  an  A.  C.  motor, 
while  a  large  compressor  in  which  the  whole 
load  is  thrown  on  and  off  suddenly  is  apt  to 
produce  surges  in  the  line.  An  advantage  of 
this  method  of  unloading  is  that  at  the  same 
time  that  it  reduces  the  power  it  also  reduces 
the  pressure  on  the  journals;  when  the  capac- 
ity is  reduced  to  one-half,  the  load  on  the 
bearings  is  also  reduced  to  one-half,  and  when 
there  is  no  load  on  the  cylinders  there  is  no 
working   load   on   the   bearings. 

A  summary  of  the  good  points  of -the  duplex 
tandem  compressor  with  four-stage  unloader 
is  as  follows: 

1.  High  efficiency  of  compression  due  to 
maintaining  constant  intercooler  pressure  and 
proper  cvlinder  ratio. 
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2.  Load    is    thrown    on    and   off   gradually, 
producing  no  disturbance  in  electric  lines. 

3.  Reduces  load  on  journals  at  part  loads. 

4.  Delivers    cooler    air,     thus     also     saving 
power. 

5.  Maximum  demand  for  current  varies  ap- 
proximately with  the  requirements  for  air. 


over  noon  or  night  so  that  the  machine  may  be 
unloaded  before  starting.  By  turning  the  three- 
way  cock,  air  is  admitted  by  the  upper  pipe  to 
the  exhaust  ports  of  the  unloader  and  from 
there  to  the  trip  cylinders,  and  releases  all  the 
Corliss  valves  so  that  they  remain  open  and 
the  machine  starts  up  without  load. 
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FIG.   IV.     FOCB-8TAGK  UNLOADER  AIR  SUPPLY. 


AIR    SUPPLY    TO    UNLOADER. 

In  order  that  the  unloader  may  remain  sen- 
sitive it  is  desirable  that  the  air  supplied  to  it 
should  be  clean,  cool  and  dry.  Fig.  4  shows 
an  arrangement  for  this  purpose  and  also  a 
starting  device.  The  air  supply  is  taken  from 
the  main  receiver  (not  shown)  and  passes 
through  a  length  of  water- jacketed  pipe  to  cool 
it  and  condense  the  moisture.  The  moisture 
and  any  scale  will  collect  in  the  30-gallon  tank 
shown.  From  the  30-gallon  tank  two  pipes 
lead  to  the  unloader,  one  to  the  bottom  and  one 
to  the  middle.  The  pipe  to  the  bottom  of  the 
unloader  raises  the  weights,  while  the  pipe  to 
the  middle  supplies  the  air  which  operates  the 
trip  cylinders.  If  these  two  pipes  were  com- 
bined in  one,  then  the  unloader  would  "hunt" 
or  "dance"  on  account  of  the  drop  in  pressure 
in  the  small  pipe,  caused  by  air  being  drawn 
off  to  operate  the  trip  cylinders. 

STARTING  DEVICE. 

The  40-gallon   tank  is  intended  to  hold  air 


PRACTICAL  COMPRESSED  AIR 
REFRIGERATION 

Discussing  the  practicability  of  a  public  re- 
frigerating service  with  pipe-line  distribution, 
Mr.  Jos.  H.  Hart,  in  the  Engineering  Magazine 
speaks  as  follows  of  the  possibilities  of  com- 
pressed  air   for  the  purpose : 

Cold-air  refrigeration  by  utilizing  balanced 
expansion  and  obtaining  cold  air  by  .the  per- 
formance of  work  is  not  an  efficient  refriger- 
ating process.  It  is  used,  however,  to  a  very 
great  extent  in  England,  even  in  large  units, 
and  has  been  reasonably  satisfactory.  It  is 
also  used  on  shipboard  and  is  in  use  in  some 
special  refrigeration  systems  in  transportation 
for  the  conveyance  of  perishable  products. 
Thus  the  method  while  not  as  efficient  in  in- 
dividual units  as  a  corresponding  ammonia 
system,  still  is  not  so  inadequate  that  it  can- 
not compete  under  special  local  conditions.  A 
compressed-air  plant  produces  refrigeration 
when  the  air  is  used  to  do  work,  and  in  many 
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cases  the  exhaust  from  an  air-driven  engine 
will  clog  up  with  ice  formed  from  the  moisture 
present  in  the  atmosphere.  The  compressed-air 
plant  of  Norwich,  Conn.,  .which  supplies  com- 
pressed air  produced  by  a  hydraulic  air  com- 
pressor to  the  entire  town  through  a  system  of 
mains,  has  recently  developed  a  machine  for 
the  production  of  liquid  air  from  the  exhaust 
of  the  average  air-driven  engine.  Such  a  re- 
frigerating system  for  pipe-line  service  would 
consist  simply  of  a  single  line  of  pipe  supply- 
ing compressed  air  at  normal  temperature.  A 
small  machine  utilizing  this  air  for  work  in  the 
production  of  electric  light  for  the  dwelling  or 
building  could  then  turn  its  exhaust  into  a 
refrigerating;  chamber,  and  after  that  could 
allow  it  to  escape  into  the  atmosphere.  Thus. 
such  a  system  constructed  on  the  above  lines 
would  be  simplicity  itself  as  far  as  the  de- 
tails of  pipe-line  construction  and  operation 
were  concerned.  The  air  pressure  need  not 
be  great  for  mild  refrigeration,  and  its  advent 
is  probably  dependent  only  upon  the  develop- 
ment of  a  more  efficient  and  satisfactory  air 
compressor  than  the  modern  reciprocating 
type.  The  rotary  air  compressor  will  probably 
find  a  new  field  waiting  as  soon  as  it  becomes 
an  efficient  practical  machine. 


VENTILATING  THE  GLUE  ROOM 
When  hot  weather  comes,  the  disagreeable 
features  of  the  glue  room  become  more  em- 
phatic, and  especially  is  there  need  for  fresh 
air.  At  the  same  time  it  is  just  as  imperative 
to  keep  drafts  out  of  the  glue  room  in  summer 
as  in  winter.  It  won't  chill  the  glue  as  quickly 
as  cold  winter  drafts,  but  the  trouble  is,  a  cur- 
rent of  air  passing  over  an  exposed  surface 
that  has  been  spread  with  glue,  evaporates  the 
surface  moisture  of  the  glue  and  forms  a  sort 
of  a  skim  on  it,  so  that  it  doesn't  adhere  well 
to  the  wood  when  put  together.  In  summer 
it  is  not  so  much  a  question  of  temperature; 
in  fact,  the  temperature  is  nearly  enough  right 
that  little  regard  need  be  given  this  feature, 
but  care  must  be  exercised  against  currents  of 
air  passing  over  glue  when  it  is  freshly  spread. 
Sometimes,  when  the  gluing  is  not  going  on 
steadily,  one  can  open  up  windows  and  doors 
until  the  air  blows  through  freely  for  a  while, 
and  thus  get  some  fresh  air,  and  then  the 
room  may  again  be  closed  sufficiently  to 
prevent  currents  of  air  when  gluing  begins 
again.     This  is  not  practical,  however,   where 


gluing  is  going  on  steadily,  and  it  therefore  be- 
comes important  to  seek  some  means  of  venti- 
lating for  the  comfort  of  those  working'  in  the 
glue  room,  that  will  not- -involve  currents  .of 
air  that  do  harm  to  the  work. 

Fortunately,  we  have  made  lots  of  progress 
along  the  line  of  ventilation,  and  there  are 
various  mechanical  appliances  offered  for  pro- 
ducing ventilation  or  a  change  of  air  in  rooms 
every  few  minutes,  without  causing.fi  drafts. 
Ventilation  of  this  kind  has  become  quite  a 
feature  in  the  better  class  of  hotels  and  public 
rooms  of  various  kinds,  and  some  of  this  idea 
in  a  modified  form- may  be  worked  into  the 
average  glue  room  by  a  little  attention  to  the 
subject.  The  main  theory  to  work  on  is  that 
of  exhausting  the  air  rather  than  blowing  or 
permitting  fresh  air  to-  blow  in.  Sometimes 
it  can  be  done  by  ventilators 'at*  or  near  the  top 
of'  the  room ;  at  other  times  it  may  call  for 
light  power-driven  appliances.  It  is  not  suffi- 
cient to  Waive  vents  open  about  the  top  of  the 
room  so  that  there  is  a  current  of  air  circu- 
lating through  the  top  and  no  current  through 
the  bottom  part  of  the  room,  because  this 
doesn't  in 'any  great  measure  refresh  those  at 
work.  What  is  wanted  is  a  continual  change  of 
air  in  the  work  room — that  is,  throughout  the 
room.  This  should  be  gotten,  however,  with- 
out producing  currents,  at  least  currents  of 
such :  velocity  as  would  rapidly  evaporate  the. 
moisture  from  the  surface  of  glued  stock. — 
Woodworker. 


A  NOVEL  TIMBER  TESTING  MACHINE 

How  is  the  strength  of  wood  affected  by 
repeated  shocks?  At  the  present  time  no  sat- 
isfactory answer  can  be  given.  To  fill  the 
need  for  information  on  this  important  sub- 
ject a  special  form  of  impact  machine  has 
been  designed  by  the  United  States  Forest 
Service  to  investigate  the  behavior  of  wood 
under  repetitive  loading.  It  is  to  be  built  at 
Seattle  by  the  University  of  Washington,  and 
is  to  form  a  part  of  the  forest  service  timber 
testing  station  operated  in  co-operation  with 
the  university. 

This  machine  will  be  provided  with  a  1,500 
pound  hammer  which  can  be  dropped  upon  the 
wood  specimens  under  test  from  any  height  up 
to  3  feet.  It  is  so  constructed  as  to  be  both 
automatic  and  autographic.  The  record  show- 
ing the  behavior  of  the  specimen  under  test 
is  drawn  on  a  long  strip  of  paper  which  con- 
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stantly  unwinds  from  one  cylinder  and  rolls 
up  on  another.  This  record  is  drawn  by  means 
of  a  pencil  attached  to  the  hammer  of  the 
machine.  When  the  machine  is  started  the 
hammer  is  automatically  raised  to  a  height 
previously  determined,  when  it  falls  on  the 
specimen,  and  continues  to  be  automatically 
raised  and  dropped  until  the  machine  is 
stopped. 

From  the  results  to  be  obtained  from  the 
tests  made  with  this  machine  the  forest  service 
hopes  to  be  able  to  devise  more  accurate  and 
reliable  methods  for  calculating  the  stresses 
which  timbers  used  in  bridges  and  other  struc- 
tures subject  to  repetitive  loading  have  to 
stand. 

[For  operating  the  hammer,  especially  on 
account  of  the  occasional  and  intermittent 
character  of  the  work,  of  course  compressed 
air  should  be  used.     Ed.  C.  A.] 
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A  SPRAYING  AND    DUST    LAYING    DE- 
VICE FOR  COAL  MINES 

The  following  we  condense  from  a  paper  by 
William  Clifford  in  Mines  and  Minerals: 

The  researches  of  Sir  Charles  Lyell,  Mr. 
Faraday,  Mr.  William  Galloway,  Sir  Frederick 
Abel,  and  others  led  to  the  appointment  of  a 
Royal  Commission  to  investigate  the  dust  prob- 
lem in  England,  and  to  the  promulgation  of  the 
well-ascertained  fact  that  the  presence  in  the 
atmosphere  of  a  mine  of  a  quantity  of  firedamp 
too  small  to  be  detected  by  an  ordinary  safety 
lamp,  by  the  addition  of  dust  become  explo- 
sive. There  have  been  many  accidents  where 
the  loss  of  life  would  have  been  small,  if  only 
firedamp  had  been  ignited,  but  where  dust  act- 
ing like  a  train  of  gunpowder  carried  death 
and  destruction  into  every  corner  of  the  work- 
ings— far  beyond  the  reach  of  the  flame  which 


the  initial  local  explosion  of  firedamp  produced. 
Many  remedies  have  been  suggested.  The 
watering  of  the  dust  at  points  where  blasting 
is  done,  and  of  main  roads  also  was  one  reme- 
dial measure  recommended  and  carried  into 
practice.  The  watering  of  lengths  of  road  so 
as  to  divide  a  mine  into  districts,  each  sepa- 
rated by  a  wetted  zone,  the  lining  of  long 
lengths  of  road  with  smoothly  plastered  con- 
crete and  sweeping  the  same  clear  every  day 
in  order  to  attain  the  same  isolation  as  was 
sought  by  watered  lengths  has  been  advocated 
by  eminent  engineers  in  their  evidence  before 
a  British  Royal  Commission  on  Mining.  In 
the  North  of  England  coal  field  the  tiresome 
and  laborious  practice  of  brushing  the  dust 
from  the  walls  of  roads  by  hand,  and  filling 
the  same  into  cars  (tubs)  now  prevails  to 
some  extent,  so  serious  a  menace  to  safety  is 
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considered  the  presence  of  this  dust  in  a  mine. 

To  do  away  with  this  dust  difficulty  the 
writer  has  devised  a  system  and  an  apparatus 
to  remove  this  dust  from  the  points  of  deposi- 
tion and  to  transport  it  by  means  of  the  venti- 
lating current  to  points  convenient  for  filling 
out,  when  accumulated  in  quantities  beyond  the 
carrying  power  of  the  air. 

The  general  plan  of  operation  is  as  follows : 

(i)  The  diverting  of  the  main  ventilating 
current  of  a  mine  temporarily  for  the  purpose 
of  operating  this  dust-removal  system  and  ap- 
paratus to  a  single  district  or  road,  by  means 
of  doors  as  shown  in  Figs.  3  and  4. 

( 2 )  The  reversing  of  the  air-current  if 
need  be. 

(  3  )  The  fixing  of  permanent  water-jacket 
tanks  at  points  near  the  outlet  of  the  mine,  as 
seen  in  bypass  roads  in  Figs.  3  and  4. 


the  front  part  of  the  machine  by  the  air  and  as 
the  dust-laden  air  passes  through  this  orifice 
it  is  sprayed  by  water  forced  out  of  the  sur- 
rounding water-jacket  by  compressed  air  which 
is  conveyed  to  the  water-jacket  from  the  air 
tank  by  a  pipe  as  shown  in  Fig.  1.  A  consider- 
able amount  of  the  wetted  dust  will  be  en- 
trapped in  the  hopper  in  the  end  of  the  ma- 
chine. 

The  method  of  operating  the  machine  is 
shown  in  Fig.  3  which  represents  a  pair  of 
headings  forming  the  main  passageway  of  the 
mine.  The  fan  is  working  as  an  exhaust  fan 
and  the  air  travels  in  the  direction  shown  by 
arrows.  The  machine  is  in  the  intake  -road, 
and  it  is  assumed  that  it  has  traveled  along  the 
road  driving  the  dust  before  it,  and  such  dust 
as  i--  not  quenched  in  the  water-jacket,  is 
parsing    through    the    cross-cut    shown    imme- 
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Fig.  4 


( 4  I  The  deflecting  of  air  from  the  central 
part  of  the  road  operated  upon,  to  the  sides, 
roof,  and  floor,  thus  greatly  increasing  its 
velocity,  and  hence  its  capacity  to  carry  solid 
matter. 

(5)  The  detachment  of  dust  by  means  ot 
jets  of  air  striking  the  walls  of  mine,  on  every 
portion  of  their  surfaces,  and  the  carrying  the 
detached  dust  forward,  by  the  locally  increased 
velocity  of  current,  which  the  restriction  of 
area  of  flow,  by  deflection  to  perimeter  of 
roadway  operated  upon  produces. 

Fig.  1  shows  a  side  view  and  Fig.  2  a  front 
elevation  of  the  machine  which  consists  of  a 
tank  in  which  compressed  air  is  stored.  By 
means  of  the  adjustable  pipes  shown,  the  air 
escaping  from  the  tank  may  be  directed  in  any 
desired  direction  so  as  to  dislodge  the  dust. 
This  dust  is  then  carried  through  the  orifice  in 


diately  in  front  of  the  machine,  into  the  return. 
A  door  with  a  regulator  in  it  is  closed  across 
the  main  road  in  front  of  the  machine.  The 
regulator  allows  a  small  quantity  of  air  to 
pass  forward  into  the  mine  beyond,  and  return 
through  a  corresponding  regulator  in  the  re- 
turn. A  coarse  wetted  cloth  covers  the  regula- 
tor in  the  intake.  In  the  return  airway  near 
the  fan  is  a  bypass  road  with  door  to  divert 
the  air-current  from  the  straight  road  through 
one  of  the  fixed  annular  water-jackets  with 
perforations  in  the  interior  wall.  This  annular 
jacket  is  fed  from  a  regular  source  of  supply 
under  pressure,  and  the  effluent  water  is  car- 
ried away  by  the  ordinary  drains  of  the  mine. 
Fig.  4  represents  the  same  things  except  that 
it  is  assumed  that  a  panel  only  has  been  oper- 
ated on  in  Fig.  3,  and  that  this  panel  is  now 
cut  off  bv  the  closed  door  in  front  of  the  ma- 
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chjne  in  Fig.  4,  and  the  air  passed  into  the  re- 
turn by  another  cut-through.  In  cases  were 
the  accumulated  load  of  dust  is  too  great  for 
the  velocity  of  air-current  at  command,  the 
work  is  done  in  detail,  panel  by  panel,  or  the 
machine  run  over  the  ground  a  second  time. 

This  process  is  repeated  until  the  whole  of 
the  lower  road  or  intake  has  been  swept  clean. 
The  machine  is  now  usually  detached  from  its 
water-jacket,  taken  into  the  return  and  a  clean 
.weep  is  made  from  the  point  shown  by  the 
closed  door  in  Fig.  3,  to  the  mouth  of  the  by- 
pass road  and  its  fixed  water-jacket. 

By  thus  using  the  apparatus  alternately  on 
the  intake  and  on  the  return,  the  accumulated 
dust  is  driven  through  the  water-jacket  in  the 
bypass  road  near  the  fan.  As  the  pipes  from 
the  compressed-air  apparatus  are  flexible  they 
may  be  deflected  forward  so  that  the  current 
from  them  will  strike  the  upper  part  of  the 
coal  face.  The  long  pipes  near  the  floor  can 
be  raised  so  as  to  direct  the  currents  against 
the  coal  face  and  the  neighboring  roof,  while 
the  bent  pipes  shown  in  Fig.  1  may  be  used  to 
blow  the  dust  from  an  undercutting. 

The  use  of  this  apparatus  assumes  a  vigor- 
ous ventilating  current  or  reserve  power  in  the 
ventilation  to  produce  it.  In  order  to  make  the 
arrangement  effective  in  new  mines  the  main 
airways,  both  intake  and  return,  should  be 
such  that  the  whole  ventilating  current  can  be 
passed  through  a  single  road  or  district. 


other  thing  the  name  of  which  it  resembles, 
cabbage,  and  in  another  quarter  of  a  century 
may  make  the  same  reply  if  asked  the  same 
question. 


CABBAGE-BEFORE  AND  AFTFR 
When  the  United  States  consul  at  Marseilles 
wro'.e  to  the  mayor  of  the  city  for  permission 
to  make  investigations  with  regard  to  the  dis- 
posal of  garbage,  sewage  and  other  city  waste, 
for  his  government,  he  was  answered  in  this 
wise : 

'"Garbage  is  one  of  the  finest  dishes  of  the 
place.  Well  cooked  and  nicely  prepared,  as 
they  do  it  in  the  country,  it  is  something  ex- 
quisite." 

As  an  example  of  Gallicizing  of  the  "Amer- 
ican" language,  this  is  a  gem.  As  a  hint  to 
American  sanitary  officers,  it  is  more.  Tt  is 
sublime.  With  its  new  garbage  reduction 
plant  and  its  splendid  new  sewers,  St.  Louis 
bids  fair  to  soon  dispose  of  its  offensive  refuse 
so  effectively  that  the  people  of  the  city  will 
be  like  the  mayor  of  Marseilles,  unable  to  dis- 
tinguish  between   the   thing,   garbage,   and   an- 


MOVABLE  CAISSON  FOR  RIVER 
MINING 

1  he  recently  patented  device  shown  in  the 
cut  is  to  be  used  in  rivers  where  the  sand  or 
gravel  is  rich  in  precious  metal  and  where  the 
How  of  the  water  is  so  swift  that  it  is  impos- 
sible otherwise  for  workmen  to  hold  their 
footing  and  work  the  pockets.  The  caisson  is 
quickly  movable  from  place  to  place  and  is  held 
in  place  laterally  by  the  guys  shown,  the  water 
rising  in  the  caisson  to  the  same  height  as 
outside  and  the  men  working  in  the  water  with 
or  without  divers'  suits  according  to  the  depth. 
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The  caisson  is  made  up  of  sections  bolted  to- 
gether according  to  the  height  or  capacity  re- 
quired, the  point  of  the  caisson  facing  the 
current  the  tendency  of  which  is  to  make  the 
structure  hug  the  bottom  more  securely.  An 
open  tube  or  shaft  is  provided  for  workmen  to 
enter,  the  top  of  sufficient  height  to  be  always 
above  the  water. 

There  is  an  air  tight  bag  located  within  the 
caisson  with  a  hose  by  which  air  under  suita- 
ble pressure  may  be  admitted  and  when  this 
bag  is  distended  to  approximately  fill  the  cais- 
son the  latter  becomes  buoyant  and  may  then 
be  floated  to  another  working  position.  The 
bag  when  collapsed  may  be  folded  into  a  small 
compass  and  held  by  straps  against  the  side  of 
the  caisson  and  out  of  the  way. 


THE  ROCKWOOD  DRY-PIPE  VALVE 

Automatic  sprinkling  systems  for  fire  pro- 
tection, which  began  with  those  in  which  the 
pipes  were  kept  constantly  filled  with  water, 
were  subject  to  the  generally  fatal  objection 
that  the  water  would  freeze  in  the  pipes  and 
the  pipes  would  burst  or  would  not  be  opera- 
tive when  the  emergency  occurred,  and  so  dry- 
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pipe  systems  take  their  place.  The  valve  here 
shown  in  section,  the  invention  of  Mr.  Geo.  I. 
Rockwood,  Worcester,  Mass.,  and  approved  by 
the  Underwriters'  Laboratories,  is  an  essential 
feature  of  such  a  system. 

Besides  the  water  supply  with  sufficient  head 
an  air  pressure  also  is  maintained  to  keep  the 
system  operative.  The  normal  position  of  the 
moving  parts  is  as  shown  in  the  cuts.  Air  un- 
der the  required  pressure  constantly  fills  the 
large  chamber,  acting  against  the  water  pres- 


sure on  the  under  surface  of  the  main  order. 
When  the  air  pressure  acting  on  the  surface  of 
the  primary  water  is  relieved  by  the  opening 
of  a  sprinkler,  the  upward  pressure  of  the 
water  causes  the  valve  plate  to  lift  and  an  in- 
termediate chamber  fills  with  water,  with  the 
result  that  the  entire  force  of  the  water  ex- 
erted over  the  full  area  of  the  plate  pushes  it 
over  to  the  wide  open  position  and  thus  leaves 
a  straight,  unobstructed  passage  for  the  water 
to  the  system. 

The  lower  part  C  of  the  valve  body  carries  the 
air  and  water  seats.  The  bronze  valve  plate  A 
acts  both  to  close  the  water  inlet  /,  and  to  seal 
the  air  valve  chamber  by  the  contact  of  the 
rubber  ring  at  its  periphey  with  a  black-tin  air 
valve  seat  /.  The  valve  plate  and  a  counter- 
weight E  are  attached  to  the  swinging  arm  D, 
the  whole  swinging  about  the  axis  F  as  the 
valve  opens  to  the  position  shown  by  the 
dotted  lines.  In  the  opening  or  closing  of  the 
valve  the  center  of  gravity  is  so  changed  that 
the  valve  will  remain  in  either  position. 

I  lie  relative  pressures  of  the  air  and  the 
water  must  be  maintained  at  a  certain  relation 
to  each  other  within  easily  practical  limits. 
With  50  11).  water  pressure  the  limits  of  the 
air  pressure  are  15  and  25  lb.;  at  75  lb.  water 
pressure,  jo  and  .^o  lb. ;  at  100  lb.  water  pres- 
sure.  25   and  3?   lb.,  and   so  on. 

As  a  means  of  precaution  the  projection  K 
on  the  counterweight  is  adopted  to  engage  a 
spring  catch  L  when  the  valve  opens.  This 
will  prevent  the  valve  plate  returning  to  its 
seat  it  the  combination  occurs  of  a  feeble  water 
supply,  a  corroded  or  jammed  spindle  F  and 
a  reversal  of  flow  after  the  riser  has  filled 
with  water.  The  ball  seated  swing  chick  valve 
M  is  automatically  held  from  its  seat  by  the 
contact  of  its  arm  extension  with  the  under 
side  of  the  valve  plate,  and  thus  allows  any 
water  which  may  leak  by  /  to  run  freely  out 
of  the  intermediate  chamber  N  into  a  drip 
cup  outside.  A  drain  valve  for  emptying  the 
entire  system  of  sprinklers  is  piped  at  G,  and 
at  O  is  a  drip  pipe  for  drawing  the  priming 
water  left  in  the  valve  body  when  the  system 
has   been   emptied. 


After  October  1  a  letter  weighing  one  ounce 
can  be  sent  from  any  part  of  the  United  States 
to  any  part  of  Great  Britain  and  Ireland,  or 
vice   versa,   for   two   cents. 
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SHAPING,   MAKING  AND    USING    ROCK 
DRILL  BITS 

By  D.  J.  O'Rourke. 

The  question  of  drill  steel,  its  selection,  care 
and  use,  is  one  which  is  given  far  too  little  at- 
tention, while  in  many  cases  it  is  the  determ- 
ining factor  as  to  the  economic  success  of  a 
drilling  plant.  If  the  steels  are  of  good  mater- 
ial, carefully  made,  sharpened  and  tempered 
for  the  work  to  be  done,  and  if  fresh  steels 
are  put  into  use  as  soon  as  the  gage  begins  to 
wear,  the  drills  will  come   up  to  expectations 


as  almost  equal  in  importance  to  that  of  the 
master  mechanic  at  a  drilling  plant.  The  best 
smith  is  none  too  good,  even  if  there  should 
not  be  enough  work  to  justify  the  wages  he 
may  demand.  It  is  cheaper  to  have  a  black- 
smith and  helper  idle  once  in  a  while  than 
to  have  two  or  three  drill  runners  and  their 
helpers  standing  around  watching  the  drills 
wearing  themselves  to  pieces,  and  perhaps 
helping  them  along  with  a  sledge,  while  the 
drills  fail  to  give  results,  merely  because  the 
bits  are  not  right.  There  are  also  other  men 
on  the  premises  shoveling  away  dollars  in  the 


ROCK   DRILL  BITS. 


as  to  speed  and  efficiency:  but  if  the  black- 
smith is  incompetent  and  the  drill  runner  care- 
less, the  management  could  better  afford  to 
throw  out  its  machines  and  go  back  to  hand 
drilling. 

THE   BLACKSMITH. 

The  blacksmith's  work  should  be  recognized 


shape  of  coal,  and  all  summed  up.  the  idle  time 
of  the  blacksmith  and  helper  is  an  insignificant 
item. 

When  a  new  compressor  plant  is  installed, 
every  feature  whereby  a  pound  of  coal  or  an 
extra  foot  of  air  may  be  saved  or  made  is 
investigated,  and  every  precaution  is  taken  to 
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secure  economical  results.  After  the  plant  is 
running,  the  drilling  is  sometimes  allowed  to 
run  along  'in  such  a  way  that  anywhere  from 
io  to  50  per  cent,  of  the  power  developed  is 
lost.  No  one  would  think  of  allowing  a  hoist- 
ing engine  to  hoist  a  load  with  the  hrakes  par- 
tially set,  but  something  similar  occurs  when  a 
rock-drill  bit  is  run  so  long  that  it  is  the  same 
gage  for  an  inch  or  more  back  of  its  cutting 
edge,  or  is  allowed  to  be  made  with  shoulders 
on  it  in  the  first  place. 

SHAPE   OF   THE   BIT. 

For  drilling  rock  of  any  kind,  the  cross-bit 
made  like  Figs.  1,  2,  3  and  4,  sometimes  modi- 
fied to  the  X  shape  shown  in  Fig.  5,  is  usually 
employed.  It  will  be  observed  that  the  bits 
above  referred  to  are  made  concave,  with  the 
corners  of  the  wings  ahead  of  the  center.  This 
design  is  recommended  because  used  bits  show 
very  little  wear  at  the  center  as  compared  with 
their  outer  edges.  This  indicates  that  the 
corners  do  the  largest  part  of  the  work.  The 
cutting  done  by  them  so  weakens  the  rock 
toward  the  center  of  the  hole  that  it  does  not 
afford  so  much  resistance  to  the  center  of  the 
bit. 

Figures  8,  9,  and  10  show  what  actually  takes 
place  in  fracturing  the  rock  with  bits  of  several 
shapes.  Figure  8  shows  the  concave  bit.  whose 
corners  cut  ahead  of  the  center,  making  the 
line  of  breakage  very  weak  and  leaving  little 
resistance  for  the  center  of  the  bit,  as  described 
above.  Figure  9  illustrates  a  convex  bit.  In 
this,  the  center  has  to  cut  ahead  of  the  corners. 
The  fracture  line  is  thus  divided,  leaving  but 
little  work  for  the  corners  to  do.  The  cross 
shape  of  the  center,  together  with  the  increased 
amount  of  work  which  falls  upon  it,  in  this 
case,  greatly  retards  its  cutting  efficiency.  Fig- 
ure 10,  the  diamond-pointed  bit,  also  divides 
the  fracture  line,  but  at  the  same  time  increases 
its  length,  leaving  less  cutting  for  the  center. 
With  this  bit,  the  rock  tends  to  break  to  a  flat- 
ter angle  than  the  angle  of  the  bit,  allowing  the 
center  to  go  in  advance  of  the  corners  for  a 
few  blows,  when  the  entire  bit  again  comes  in 
contact  with  the  rock,  fracture  again  takes 
place,  and  the  process  described  above  is  re- 
peated. This  bit  is  recommended  only  for  mar- 
ble, soft  limestone,  and  other  even,  soft  rocks. 
Its  advantage  for  this  work  lies  in  the  fact  that 
nearly  all  drilling  in  quarries  is  done  on  laid- 
'out  lines,  so  that  this  form  enables  the  holes  to 
be    started    accurately.      The   bit,    however,    is 


made  very  thin  and  is  not  strong  enough  to  be 
satisfactory  on  general  mining  and  contract 
work.  The  flat,  or  "bull"  bit,  as  it  is  some- 
times called,  shown  by  Fig.  7,  is  made  in  var- 
ious shapes,  but  no  matter  how  it  is  made  its 
use  is  very  severe  on  a  rock  drill.  If  thin,  it 
has  no  reaming  qualities;  if  made  heavy,  as  it 
generally  is,  the  blow  delivered  imparts  a 
severe  jar  to  the  machine.  The  flat  bit,  with 
diamond  point.  Fig.  6,  is  a  style  which  has  been 
used  in  marble  quarries  from  the  earliest  intro- 
duction of  the  rock  drill.  The  steam  pressure 
used  in  those  days  was  considerably  lower  than 
now.  so  that  this  bit  was  satisfactory,  and  cut 
slow  enough  to'  ream  the  holes  fairly  well. 
Even  under  these  conditions  it  was  hard  on 
the  rotating  device,  but  when  higher  pressures 
were  introduced  its  cutting  capacity  was  in^ 
creased,  while  its  reaming  qualities  remained 
the  same.  The  flat  bit  may  cut  more  rapidly 
for  a  short  time,  but  in  the  long  run  the  cross 
will  be  found  more  economical.  The  use  of 
the  X  bit.  Fig.  5,  is  not  general,  but  sometimes 
is  desirable  when  a  cross-bit  will  persist  in 
drilling  "rifled"  or  five-fluted  holes  on  rock 
of  some  kinds.  Sometimes  rifling  is  charged 
to  the  machine,  but  the  fact  that  the  X  bit 
is  not  required  on  all  kinds  of  rock  rather  dis- 
proves this  imputation. 

SHARPENING   THE   BITS. 

Figures  1  and  2  are  bits  for  hard,  non-gritty 
nick,  and  are  alike  except  for  the  different  an- 
gles shown  on  the  cutting  edges.  Figure  1 
shows  about  the  highest  angle  to  which  the 
cutting  edge  can  be  made  without  danger  of 
breaking.  The  angle  shown  on  the  cutting 
edge  in  Fig.  2  is  one  of  many  which  may  be 
used  under  different  conditions,  without  any 
change  in  the  bit.  In  cutting  hard  and  medium 
hard  rock,  sharp  drills  and  a  wide-open  throt- 
tle may  be  used  to  good  advantage,  and  the 
hole  will  not  ordinarily  clog  with  mud,  as  the 
amount  of  rock  loosened  by  each  blow  is  so 
little  that  it  is  at  once  mixed  into  slush  by  the 
water  in  the  hole.  The  sharp  rebound  of  the 
drill  when  striking  hard  rock,  together  with 
the  positive  recovery  of  the  machine,  quickly 
gets  rid  of  this  slush.  If  the  same  bits  and 
drill  are  run  on  an  open  throttle  in  soft  or  even 
medium  soft  ground,  the  hole  soon  becomes 
clogged.  The  reason  for  this  is  that  while  the 
hole  remains  of  the  same  diameter,  and  the 
amount  of  water  for  mudding  purposes  is 
therefore  the  same,  the  steel  chips  out  three  o' 
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four  times  as  much  dust  at  each  blow  as  it 
does  in  hard  rock.  The  rate  of  cutting  should 
therefore  be  reduced  in  order  to  keep  the  drill 
working  at  maximum  efficiency.  The  speed 
may  be  regulated  by  throttling  the  air  or  steam 
but  this  reduces  the  rapidity  of  action  of  the 
drill,  so  that  it  does  not  always  mix  into  slush 
the  dust  caused  at  even  the  slower  speed.  The 
recoil  of  the  steel  from  soft  rock  is  also  con- 
siderably less.  In  soft  rock  duller  bits  should 
be  used,  like  that  shown  in  Fig.  4.  The  angle 
of  the  cutting  edge  may  be  even  higher  than 
this,  sometimes  almost  square  on  the  end.  in 
order  to  secure  good  results. 

LENGTH    OF    UPSET. 

In  connection  with  the  above  subject,  it  is 
well  to  bear  in  mind  the  length  of  the  wings 
or  ribs  for  different  kinds  of  work.  Figures  1 
and  2  show  an  extreme  length  for  very  hard 
rock,  intended  to  give  strength  and  hold  the 
gage  as  long  as  necessary.  Figures  3  and  4 
show  shorter  ribs  which  give  the  bit  more 
clearance  and  make  it  more  desirable  for  gen- 
eral purposes.  Under  ordinary  conditions  its 
ability  to  mix  mud  is  much  greater  than  that 
of  the  long  bit  like  Fig.  1.  This  shortness 
gives  greater  flare  to  the  wings,  causing  a 
greater  backward  thrust  to  be  given  the  cut- 
tings, whether  wet  or  dry.  In  rock  which 
wears  the  gage  rapidly,  however,  the  upset 
should  be  longer.  For  drilling  dry  holes  in 
tunnel  headings  or  elsewhere  the  bit  with  short 
ribs  has  less  tendency  to  allow  the  hole  to  draw 
up.  The  friction  of  this  style  of  bit  retards  the 
machine  but  little,  and  will  cause  it  to  cut 
down  toward  the  lower  side  of  the  hole,  there- 
by straightening  it.  If  this  is  done  in  time,  it 
saves  frequent  drops  of  the  arm  and  keeps  the 
hole  where  it  is  wanted.  It  will  be  found  on 
experiment  that  such  results  cannot  be  gotten 
if  a  long  bit  with  very  slight  clearance  is  used. 
The  wings  are  five-eighths  of  an  inch  thick  for 
the  size  shown  in  Figs.  1  to  4,  and  should  nev- 
er be  less  than  that  for  this  size  of  bit  and 
steel.  They  should  be  the  same  thickness 
throughout  to  allow  free  return  of  the  cuttings. 
If  gage  less  than  two  and  one-quarter  inches 
is  desired,  make  the  bit  correspondingly  short- 
er. 

GAGE. 

It  should  be  especially  noted  that  in  all  the 
sketches  the  outer  edges  of  the  wings  are 
square   and  not   rounded   to  the   circle.     This 


feature  is  very  important,  to  preserve  the  gage 
of  the  hole  Whether  the  bits  are  sharpened 
by  machine  or  by  hand,  care  should  be  taken 
that  no  bits  are  made  with  the  outside  edges 
made  rounding.  The  question  of  maintaining 
the  gage  of  the  hole  throughout  its  length  is 
very  important.  It  should  be  carefully  determ- 
ined just  how  much  work  each  drill  bit  will 
do  before  the  gage  begins  to  wear.  In  the 
hardest  rocks  a  bit  is  never  in  condition  to 
use  the  second  time,  and  from  24  ins.  to  30 
ins.,  depending  on  the  length  of  the  feed,  is 
all  that  is  ever  attempted.  Sufficient  steel  is 
therefore  supplied,  so  that  a  sharp  set  is  on 
hand  for  each  hole.  In  softer  rock  and  ore  it 
frequently  happens  that  the  steel  will  not  be- 
come dull  even  if  used  on  several  holes.  Drill 
runners  are,  therefore,  apt  to  disregard  the 
question  of  the  gage  so  long  as  the  cutting  edge 
is  sharp.  The  gage,  however,  causes  the  rub 
in  more  than  one  sense.  This  is  where  the 
rub  comes  in  that  retards  the  work  of  the 
drills,  shortens  their  life,  consumes  power,  and 
increases  the  repair  bills.  For  example,  on 
this  kind  of  rock  a  runner  is  given  two  sets 
of  sharp  steel  to  drill  a  required  depth.  Each 
set  will  drill  perhaps  two  holes  without  making 
trouble.  About  the  third  hole  on  which  this 
steel  is  used  the  bits  stick  and  there  is  a  con- 
stant demand  for  a  hammer  or  a  chuck  wrench 
with  which  to  beat  the  steel,  and  if  the  right 
point  of  humor  is  reached  there  is  no  discrim- 
ination shown  between  the  steel  and  the  drill 
piston.  Here  is  a  drill  that  worked  all  right 
on  the  first  hole,  fairly  well  on  the  second,  and 
will  not  work  at  all  on  the  third.  The  rock 
is  the  same  and  the  drill  is  the  same,  but  not 
so  the  bits.  The  only  sharp  bit  that  can  be 
gotten  into  that  hole  must  be  made  specially  in 
the  blacksmith  shop  half  a  mile  away,  so  the 
hammering  is  kept  up  and  the  drill  finally 
worked  down  somehow,  taking  usually  more 
time  than  it  took  to  put  in  the  first  two. 

When  the  gage  wears  so  that  a  new  steel 
is  needed  in  order  to  insure  its  following  the 
last,  an  entirely  new  set  should  be  used.  It 
makes  no  difference  if  one  of  the  bits  still  ap- 
pears good,  for  it  is  economical  not  to  waste 
time  with  it.  On  any  rock  on  which  the  cut- 
ting edges  are  not  dulled  upon  the  first  hole,  a 
system  should  be  devised  by  the  foreman  or 
superintendent  to  determine  how  much  each 
bit  will  do  without  too  much  "hammer  help." 
The    improvement    will    be    very    pronounced. 
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The  runner  or  blacksmith  should  have  nothing 
to  say  as  to  this  system.  The  blacksmith  should 
have  rigid  instructions  to  furnish  all  bits  to  the 
exact  gage  required,  so  that  the  new  bits  will 
work  freely  when  placed  in  the  hole.  Much 
time  is  wasted  from  the  fact  that  bits  are  not 
made  exactly  to  gage  to  begin  with. 

Users  of  mechanical  drill  sharpeners  are  ad- 
vised to  give  thought  and  care  to  securing  the 
proper  dies  and  dollies  to  make  bits  suitable  to 
the  conditions  under  which  they  are  to  be 
used;  also  that  when  drills  are  being  dollied 
the  dies  do  not  open.  Some  rather  impossible- 
looking  bits  are  occasionally  seen  for  this  cause 
alone. 

TEMPER. 

The  matter  of  tempering  bits  is  another  point 
in  which  the  blacksmith  can  save  or  waste 
much  drilling  time  to  his  employers.  A  com- 
petent blacksmith  will  furnish  bits  of  the  pre- 
cise temper,  to  suit  the  rock  being  drilled. 
— From  Mine  mid  Quarry,  slightly  condensed. 


MODERN  DEVELOPEMENTOF  BLOW- 
PIPE PROCESSES 

Blow-pipes  may  be  classed  according  to  the 
combustible  material  which  they  employ — hy- 
drogen, acetylene,  ordinary  gas,  and  naphtha. 
All  these  utilize  the  same  supporter  of  combus- 
tion, oxygen,  which  is  usually  supplied  in  flasks 
or  tanks  compressed  to  150  atmospheres.  It 
may  be  obtained  by  the  electrolysis  of  water, 
by  the  distillation  of  liquid  air,  or  by  chemical 
reactions.  The  earlier  forms  of  blow-pipe  were 
operated  with  hydrogen  obtained  by  electroly- 
sis of  water  and  stored  in  receptacles  if  pre- 
pared in  advance,  or  in  other  cases  generated 
at  the  point  of  use.  Acetylene,  employed  in 
the  second  type,  is  obtained  by  the  action  of 
water  upon  calcium-carbide,  and  also  may  be 
generated  in  place  or  stored  under  pressure  by 
taking  advantage  of  its  solution  in  acetone.  It 
is  not  practicable  to  compress  acetylene  in  res- 
ervoirs as  may  be  done  with  hydrogen,  because 
of  its  explosive  qualities  when  compressed. 
MM.  Claude  and  Hesse  devised  the  acetone- 
solution  method.  The  solution  is  stored  in  a 
flask  filled  with  porous  material,  which  forms 
a  capillary  tubular  structure  and  prevents  the 
spread  of  explosion. 

The  great  advantage  of  blow-pipe  brazing  is 
that  it  is  quite  as  applicable  to  mild  steel  as  to 
iron,   and   that   it  permits  the  brazing  of  thin 


steel  plates  which  were  heretofore  riveted  or 
clinched  together.  The  blow-pipe  is  further 
most  valuable  for  use  wherever  it  is  necessary 
to  work  upon  parts  already  in  place.  It  comes 
into  play  particularly  in  the  manufacture  of 
metal  tanks,  various  vessels  made  of  enamel 
ware,  feed-water  heaters,  etc.,  permitting  the 
manufacture  of  forms  of  apparatus  requiring 
numerous  and  complicated  joints  impossible  to 
manufacture  by  forging.  It  has  the  further  ad- 
vantage of  being  a  light  apparatus,  easily  ma- 
nipulated and  requiring  no  elaborate  installa- 
tion. 

At  first  sight  it  might  appear  that  the  melted 
or  cast  metal  produced  would  not  have  the 
qualities  of  strength,  and  particularly  of  elas- 
ticity, shown  by  rolled  or  hammered  material. 
Surprising  results,  however,  are  secured  when 
care  is  taken  during  the  process  to  avoid  over- 
heating  or  oxidation  of  the  metal,  or  its  alter- 
ation by  the  introduction  of  impurities  such  as 
sulphur  or  phosphorus.  If,  for  example,  we 
braze  thin  sheets  or  tubes  of  a  few  millimetres 
thickness  and  subject  the  brazed  part  to  a 
light  hammering  or  even  .a  mild  tempering,  the 
metal  will  be  found  perfectly  ductile  and  the 
joint  will  exhibit  a  strength  almost  equal  to 
the  resistance  of  the  original  metal.  Tubes 
thus  welded  may  be  crushed  or  twisted,  and 
plates  may  be  bent  and  refolded,  following  the 
weld,  without  showing  any  cracks. 

When  it  comes  to  the  brazing  of  compara- 
tively thick  plates  such  as  those  of  a  boiler, 
the  problem  is  more  complicated  because  of  the 
greater  difficulty  of  producing  uniform,  thor- 
ough fusion  to  a  thickness  exceeding  6  or  8 
millimetres.  Under  such  conditions  use  is  of- 
ten made  of  an  artifice  which  should  be  con- 
demned, and  which  has  to  some  extent  dis- 
credited autogenous  soldering  of  heavy  plates. 
This  artifice  consists  in  chamfering  both  edges 
which  are  to  be  joined,  and  filling  the  space 
thus  left  by  melting  an  iron  wire  in  the  blow- 
pipe flame.  The  procedure  is  not  absolutely 
bad  if  it  is  very  skilfully  carried  out,  if  the  op- 
erator is  careful  to  use  a  flame  heating  a  large 
area  and  to  let  the  drop  of  melted  metal  fall 
only  on  the  part  of  the  joint  which  has  al- 
ready been  raised  to  the  fusion  temperature. 
It  is  easy  to  see  what  extreme  attention  is 
necessary  to  succeed  in  manipulation  of  this 
kind :  if  it  is  ill  done,  we  get  only  poor  adhe- 
sion :  if  it  is  well  done,  the  relatively  large 
quantity  of  melted  metal   introduced  between 
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the  two  edges  lowers  the  strength  and  destroys 
the  ductility.  Test  pieces  submitted  to  tension 
break    without    elongation. 

A  process  of  autogenous  soldering  which  is 
employed  with  much  success  and  which  is  par- 
ticularly applicable  to  plates  from  6  to  25  milli- 
metres thick  is  the  following : 

The  two  pieces  to  be  joined  are  brought 
edge  to  edge  without  superposition,  in  perfect 
contact ;  if  necessary  to  secure  this  they  are 
first  subjected  to  a  light  cut  on  the  planer; 
they  are  then  heated  by  means  of  two  blow- 
pipes, one  above  and  one  below,  exactly  oppo- 
site to  one  another,  and  producing  as  large 
a  heated  zone  as  possible.  When  fusion  begins 
to  appear  on  the  surface  it  is  safe  to  conclude 
that  the  interior  of  the  sheet  is  at  a  white 
welding  heat.  The  blow-pipes  are  then  with- 
drawn and  by  a  simple  mechanical  arrange- 
ment they  are  replaced  by  an  anvil  and  a 
very  light  hammer  not  exceeding  one  or  two 
kilogrammes  weight.  The  blow  of  this  ham- 
mer is  sufficient  to  cause  a  consolidation  of  the 
metal   along  the  two  butting  edges. 

Perfect  welding  is  secured  and  it  is  probable 
that  the  light  hammering  produces  at  the  same 
time  a  certain  orientation  of  the  molecules 
favorable  to  the  elastic  properties  of  the  metal 
In  fact,  if  test  pieces  of  metal  so  welded  are 
tested  under  tension  to  the  breaking  point  it 
is  found  that  the  grain  of  the  fracture  is  not 
that  characteristic  of  cast  specimens,  but  is 
perfectly  homogeneous,  and  like  that  of  the 
original  plate.  The  strength  is  but  a  small 
percentage  less  than  the  original  and  the 
elongation  is  satisfactory.  Metal  of  a  tensile 
strength  of  36  to  38  kilogrammes  and  elonga- 
tion of  25  to  28  per  cent,  shows  after  welding 
a  tensile  strength  of  36  kilogrammes  and 
elongation  of  13  per  cent.  These  results  are 
completely  satisfactory  for  the  majority  of 
cases  in  which  it  is  desirable  to  substitute  for 
riveting  a  process  of  soldering,  secured  rapidly 
and  by  simple  appliances  requiring  no  compli- 
cated or  costly  installation. 

In  all  ordinary  forms  of  blow-pipe  there  is 
of  course  one  tube  supplying  combustible  gas 
and  another  supplying  the  agent  of  combustion. 
The  differences  consist  principally  in  the  ar- 
rangement of  these  tubes  and  especially  in  then- 
mode  of  connection.  All  present  forms  make 
use.  under  conditions  which  we  shall  examine 
further,  of  a  mixture  of  gases  effected  in  ad- 
vance. 


ACETYLENE    BLOW-PIPE. 

At  first  an  ordinary  form  of  blow-pipe  was 
used  for  burning  acetylene  with  oxygen.  The 
two  gases  were  kept  separate  up  to  the  tip  of 
the  blow-pipe ;  that  is  to  say,  to  the  actual 
point  of  combustion.  With  acetylene,  how- 
ever, a  serious  inconvenience  appeared;  a 
heavy  deposit  of  carbon  took  place,  the  flame 
was  suppressed  and  indeed  a  sort  of  carbon 
mushroom  resulted.  It  was  therefore  neces- 
sary to  resort  to  some  form  of  blow-pipe  in 
which  the  mixture  of  gases  might  be  made  in 
the  interior  of  the  apparatus.  But  with  acety- 
lene a  serious  accident  was  to  be  feared,  as 
the  flame  might  flash  back  into  the  blow-pipe 
and  cause  an  explosion.  It  is  known,  of  course, 
that  to  prevent  a  back-draft  of  the  flame  the 
issuing  gas  must  ordinarily  have  a  velocity 
higher  than  that  of  the  explosion  wave,  which 
for  a  mixture  of  oxygen  and  acetylene  is  ex- 
tremely high.  Practical  experience  showed 
that  it  was  not  necessary  to  attain  this  point 
because  of  the  very  small  section  of  the  blow- 
pipe tip.  A  velocity  of  flow  equal  to  150  me- 
tres a  second  is  sufficient  to  prevent  the  flame 


OXY-HYDROGEN   BLOW-PIPE   WITH    MIXER. 

from  traveling  back  into  the  apparatus.  In 
further  prevention  of  this  return  of  the  flame 
the  interior  was  tilled  with  porus  material,  but 
this  made  it  necessary  to  increase  the  pressure 
to  the  equivalent  of  3  to  4  metres  of  water. 

A  problem  still  to  be  solved  was  that  of 
utilizing  acetylene  not  under  pressure — that  is, 
gas  produced  immediately  in  the  work-  in 
calcium-carbide  apparatus.  M.  Fouche  found 
a  very  interesting  solution  by  introducing  the 
oxygen  into  the  apparatus  through  an  injector, 
which  draws  a  flow  of  acetylene  with  it.     The 
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acetylene  enters  through  extremely  small  tubes 
which  do  not  permit  the  passage  of  flame. 

O.XY-HYUROGEN    BLOW-PIPE. 

In  this  apparatus  the  two  gases  are  always 
used  under  a  pressure.  The  original  form  of 
hydrogen  blow-pipe  consists  simply  of  a  brazed 
sheet-steel  receptacle  terminating  in  a  neck, 
upon  which  the  blow-pipe  tip  is  screwed.  To 
the  other  end  are  brazed  two  attachments  for 
the  rubber  tubing  through  which  the  gas 
flows  from  the  reservoirs.  Economy  of  com- 
bustion has  been  sought  by  preheating  the 
gases.  For  this  purpose  they  are  made  to  pass 
through  a  coil  surrounding  the  flame.  This 
gives  the  regenerative  blow-pipe.  Lastly,  in 
some  important  installations  use  has  been  made 
of  a  mixing  blow-pipe.  In  this  the  blow-pipe 
itself  is  of  the  type  already  described,  but  it 
has  a  single  attachment,  for  in  this  case  the 
gases  are  mixed  in  advance. 

It  should  be  added  that  apparatus  employing 
acetylene  in  solution  and  hydrogen  in  tanks  is 
best  suited  for  use  in  work  requiring  a  portable 
installation  and  in  establishments  where  con- 
tinuous use  of  the  process  is  not  required ; 
while  it  is  more  economical  to  use  an  installa- 
tion with  generators  for  acetylene  and  hydro- 
gen where  the  work  is  to  be  continuous,  or 
where  the  applications  are  many  enough  to 
allow  continuous  operation  of  the  generating 
apparatus  and  are  performed  upon  parts  so 
light  or  so  easily  handled  that  they  can  readily 
be  brought  to  the  blow-pipe. 

THE   CUTTING   OF    METALS. 

It  is  well-known  that  iron  burns  easily  and 
rapidly  in  an  atmosphere  of  oxygen  gas.  The 
experiment  is  familiar  in  every  course  in  phy- 
sics and  chemistry.  The  same  phenomenon 
occurs  when  a  jet  of  oxygen  is  directed  upon 
iron  heated  to  a  bright  red — that  is  to  say, 
the  metal  burns  and  the  heat  evolved  fuses  the 
oxide.  The  process  for  cutting  plates  by  oxy- 
gen is  based  on  these  phenomena ;  it  can  read- 
ily be  seen  that  it  is  possible  to  divide  a  piece 
of  metal  by  means  of  an  oxygen  jet,  but  it  is 
not  easy  in  practice  to  attain  a  regular  and 
clean  cut. 

At  nr-t  use  was  made  of  an  oxy-hydrogen 
blow-pipe  to  bring  a  certain  portion  of  the 
work  ti>  a  bright  red  heat.  Then  the  flow  of 
hydrogen   was  cut  off  and  the  current  of  pure 


oxygen  was  increased.  A  good  combustion 
was  produced,  but  it  did  not  proceed  very 
long.  The  resultant  iron  oxide  not  being  hot 
enough,  Jacked  fluidity ;  it  was  with  difficulty 
removed,  became  mixed  with  the  partially 
melted  iron,  and  thus  obstructed  the  close  con- 
tact of  the  metal  with  the  oxygen;  the  com- 
bustion stopped  and  it  was  necessary  to  bring 
the  blow-pipe  into  play  again.  The  manipula 
tor,  even  after  long  practice,  could  obtain  only 
an  irregular  cut,  dirty,  and  with  edges  in- 
crustcd  with  closely-adhering  oxide. 

One  of  the  engineers  of  a  company  in  Brus- 
sels therefore  devised  a  double  apparatus 
which  entirely  remedies  thes  difficulties.  This 
consists  of  two  blow-pipes  in  one  piece,  which 
travel  along  the  section  to  be  cut.  The  first  is 
an  ordinary  oxy-hydrogen  blow-pipe  which 
heats  the  metal  to  a  bright  red ;  the  second  di- 
rects a  fine  jet  of  pure  oxygen  upon  the  heated 
spot  under  a  pressure  varying  with  the  thick- 
ness of  the  metal.  The  action  of  the  two  blow- 
pipes is  continuous ;  the  first  prepares  the  way 
for  the  second,  furnishing  a  volume  of  heat 
sufficient  to  permit  instantaneous  combination 
of  the  oxygen  with  the  metal  in  the  heated 
zone.  The  metal  is  not  melted,  and  the  ad- 
joining parts  remain  unaltered,  as  the  action 
proceeds  too  rapidly  for  the  heat  to  spread 
into  the  mass  and  the  oxidized  portion  is  re- 
moved by  the  pressure  of  the  oxygen  ;  the 
section  is  cleaner  than  a  saw-cut  and  its  width 
never  exceeds  4  millimetres  1-16  in.  The  speed 
of  travel  of  the  double  blow-pipe  is  about  20 
centimetres  (8  in.)  a  minute;  in  other  words, 
the  operation  is  quite  rapid  and  comparable  to 
hot  sawing.  The  consumption  of  gas  is  rela- 
tively small,  depending  upon  the  thickness  of 
the  piece  to  be  cut,  and  as  the  work  is  rapidly 
done  the  labor  cost  is  not  important. 

The  double  blow-pipe,  which  is  easily  han- 
dled and  furthermore  may  be  guided  by  any 
sort  of  mechanical  device,  is  available  for  cut- 
ting not  only  thick  plates,  but  also,  and  with 
equal  ease,  tubes,  beams,  shafts,  and  all  sorts 
of  rolled  sections.  The  cutting  may  be  made 
to  follow  any  line,  executing  all  sorts  of  curves 
and  profiles ;  further,  it  is  not  necessarily  nor- 
mal to  the  surface,  the  cut  being  easily  made 
on  a  bevel.  Tt  is  evident  further  that  the 
quality  or  the  mechanical  properties  of  the 
metal  do  not  in  any  way  modify  the  process ; 
whether  it  be  hard  or  soft,  tempered  or  an- 
nealed, chrome  or  Harveyized,  the  steel  burns 
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just   as    fast.      The   problem   of   cutting   armor 
plates  is  thus  fully  solved. 

The  essential  qualities  of  the  process  may  be 
thus  summarized :  Extreme  simplicity  of  the 
installation  and  appliances,'  complete  mobility, 
independence  of  any  need  of  motive  power,  ab- 
sence of  any  reaction  upon  the  tool,  extraor- 
dinary speed  of  operation,  and,  so  to  speak,  un- 
limited adaptability. 

In  illustration  of  the  rapidity  which  above 
all  characterizes  oxyhydrogen  cutting  some  ex- 
amples may  be  adduced :  An  armor  plate  160 
millimetres  (6.3  inches  thick)  was  cut  to  a 
length  of  1  metre  in  10  minutes.  A  cut  of 
similar  length  in  a  plate  15  millimetres  thick 
took  less  than  5  minutes,  and  the  cost  of  the 
operation  did  not  exceed   1   franc  50  centimes. 

To  cut  a  manhole  300  by  400  millimetres  (12 
by  16  inches)  in  a  plate  20  to  30  millimetres 
(.8  to  1.2  inches  thick)  requires  4  to  5  minutes. 
An  opening  150  by  150  millimetres  (6  by  6 
inches)  in  a  tube  5  millimetres  thick,  required 
3  to  4  minutes,  while  the  cutting  of  the  same 
opening  with  tools  would  need  from  35  to  40 
minutes.  The  cost  of  this  work  by  the  oxygen 
method  was  from  12  to  15  centimes. 

Another  very  striking  example  was  fur- 
nished at  the  station  of  the  Metropolitan  Rail- 
way at  the  Place  dTtalie  in  Paris.  It  was 
necessary  to  cut  away  an  iron  staircase  6  me- 
tres high  whose  width  impeded  the  traffic.  It 
was  cut  down  to  a  width  of  1  metre  in  four 
hours'  time.  At  Bremen,  Germany,  also,  the 
method  has  been  used  for  breaking  up  ships 
and  among  other  records  the  following  time 
data  are  interesting;  a  plate  300  millimetres 
(12  inches)  thick  was  cut  for  a  length  of  1 
metre  to  a  depth  of  4  to  6  centimetres  in  7 
minutes.  The  same  plate  had  been  cut  with  a 
pneumatic  chisel  along  the  length  of  1.15  me- 
tres and  to  a  depth  of  1.5  centimetres,  but  this 
work  had  required  an  hour.  The  oxygen 
method  was  used  also  for  rivet  cutting;  in  less 
than  12  seconds  the  head  of  a  22-millimetre 
rivet  could  be  burned  without  any  injury  to  the 
plates.  The  rivet  was  then  driven  out  with  a 
punch.  The  maximum  thickness  which  has  yet 
been  cut  is  210  millimetres  (8.27  inches)  in 
armor  plate,  but  300  millimetres  has  been 
reached  in  round  shafting.  Abstract  of  portion 
of  paper  by  J.  B.  Van  Brussel  in  Engineering 
Magazine. 


A  PNEUMATIC  TOOL  RETAINER 

The  cut  shows  the  essential  features  of  a 
retainer  for  pneumatic  tools  recently  patented 
by  Mr.  E.  J.  Shoffner,  foreman  of  the  Norfolk 
&  Western  shops,  Roanoke,  Va.  One  of  the 
inconveniences  of  the  familiar  pneumatic  tool 
is  that  the  tool  itself  is  always  ready  to  drop 
out  when  not  in  actual  contact  with  the  work- 
ing surface.  The  present  device  holds  the  tool 
securely  from  dropping  out  while  still  permit- 
ting the  necessary  freedom  of  longitudinal 
movement.  The  cut  shows  a  button  set  in 
place  and  the  following  from  the  patented  spec- 
ifications sufficiently  describes  the  device: 

The  combination  of  a  pneumatic  tool  cylin- 
der, having  a  reduced  end,  a  retaining  sleeve, 
having  a  chamber  within  it,  the  rear  of  said 
chamber  being  secured  to  the  reduced  end,  said 
sleeve  having  an  opening  through  its  forward 
portion  of  lesser  diameter  than  the  inner  bore 
of  the  chamber,  a  button  set  having  a  head  of 
such  length  as  to  always  project  through  the 
opening,  the  head  being  of  lesser  diameter  than 
the  bore,  a  shoulder  on  said  head  of  greater 
diameter  than  the  latter  and  of  less  diameter 
than  the  bore,  a  comprehensible  element  in  the 
chamber  of  less  length  than  the  distance  be- 
tween the  button  set  shoulder  and  the  forward 
inner  wall  of  the  chamber,  and  a  shank  on  the 
button  set  of  less  diameter  than  the  head  and 
shoulder,  the  shank  projecting  rearwardly  into 
the    tool    cylinder." 

The  cap,  or  retaining  sleeve,  is  knurled  on 
the  outside  so  that  it  can  be  easily  unscrewed 
and  removed  for  changing  the  tool 


THE  COMPRESSED  AIR  INJECTOR 

In  the  Copper  Queen  mines,  Bisbee.  Arizona, 
the  small  ^-hp.  electrically-driven  ventilating 
blowers  have  recently  been  replaced  by  a  new 
tvpe  of  compressed-air  blower,  which  is  prov- 
ing satisfactory.  The  principle  upon  which 
this  new  blower  works  is  the  same  as  that  of 
an  injector.  A  jet  of  compressed  air  passes 
first  through  a  small  nozzle,  and  then  through 
three  succeeding  nozzles,  each  larger  than  the 
preceding    one.      This    compressed    air    draws 
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in  free  air  around  the  sides  of  the  nozzles  and 
the  whole  is  discharged  through  an  air-pipe  in- 
to the  face  of  a  drift  or  the  top  of  a  raise.  The 
compressed  air  is  delivered  to  the  blower 
through  a  ^2-in.  pipe.  The  first  nozzle,  which 
is  made  of  brass  with  a  steel  casing  inside  to 
prevent  injury,  has  an  opening  Vio  in-  diam. 
The  comparison,  as  worked  out  with  a  fair  de- 
gree of  accuracy  in  the  Queen,  between  the 
electric  blower  and  the  compressed-air  blower, 
is  as  follows :  Discharging  through  300  ft.  of 
6-in.  pipe  at  the  elevation  of  Bisbee  (5,300  ft.), 
a  330-watt  electric  blower  delivers  300  cu.  ft. 
of  air  per  minute.  This  is  known  as  a  'S-hp. 
blower.  The  5  in.  compressed-air  blower  with 
95  lb.  air-pressure,  and  a  VM-in.  nozzle  takes 
ig  cu.  ft.  of  free  air  per  minute,  and  delivers 
under  the  same  conditions  380  cu.  ft.  of  air 
per  minute.  The  cost  of  steam  to  compress 
the  air  for  the  air  blower  is  about  four  times 
as  great  as  to  generate  the  power  for  the  elec- 
tric blower,  or  running  them  both  continuously 
the  cost  of  power  for  the  air-blower  is  about 
$6  per  month  more  than  for  the  electric.  To 
offset  this  increased  expense  for  power,  about 
$6  per  month  is  required  for  inspection,  oils, 
and  repairs  on  the  electric  blower,  while  these 
items  amount  to  almost  nothing  on  the  new 
Mower.  The  initial  cost  of  the  electric  is  more 
than  three  times  as  great  as  that  of  the  air- 
blower.  As  a  rule,  the  compressed-air  pipes 
are  in  the  drifts,  carrying  air  for  the  machine 
drills,  while  often  electric  wiring  has  to  be 
done  especially  for  the  electric  blower.  This 
would  be  more  often  true  in  the  future,  as  the 
amount  of  underground  electric  lighting  is  be- 
ing decreased.  Often  a  small  station  has  to 
be  cut  for  the  electric  blower,  while  the  other 
type  can  be  put  up  wherever  there  is  room  for 
a  6-in.  air-pipe.  Another  advantage  is  that 
increasing  the  length  of  the  air-pipe,  the 
amount  of  air  delivered  by  the  air-blower 
does  not  decrease  as  rapidly  as  with  the  elec- 
tric, on  account  of-  less  friction  in  the  blower 
itself.  This  new  blower  is  equipped  so  that  it 
can  be  used  for  exhausting  the  bad  air  from 
the  drifts  instead  of  blowing  in  fresh  air,  and 
the  efficiency  ought  to  be  nearly  as  great.  For 
anything  larger  than  a  J^-hp.  blower,  the  cost 
of  compressing  the  air  is  prohibitive  ;  the  large 
electric  blowers  being  only  slightly  more  ex- 
pensive to  maintain  than  the  smaller  one. — 
Mining  and  Scientific  Press. 

A  placard  in  front  of  a  cheap  show  in  New 
York  announces  that  the  Interior  is  cooled  with 
"artificial  air." 


CONDITIONS  OF  AIR  CYLINDER 
LUBRICATION 

The  fires  which  sometimes  occur  in  air-com- 
pressor cylinders  are  due  to  the  lubricating 
oil,  the  only  combustible  present.  Inferior  oils 
causes  explosions  by  reason  of  the  large 
amount  of  carbon  and  foreign  substances  they 
contain,  but  they  are  not  the  only  oils  respon- 
sible for  these  explosions.  The  conditions  pe- 
culiar to  a  given  machine  may  facilitate  or  re- 
tard combustion.  For  instance  in  a  chemical 
works,  a  copper  or  coal  mine,  foreign  sub- 
stances in  the  atmosphere  may  furnish  some- 
thing to  feed  the  fire  caused  by  combustion  of 
the  residual  carbon.  Most  oxidation  in  all 
cases  takes  place  at  the  junction  between  cyl- 
inder and  discharge  pipe.  Continual  oxidation 
so  reduces  the  size  of  the  pipe  that  more  air 
is  compressed  in  the  cylinder  than  can  pass 
through  the  pipe.  Increased  friction  and  com- 
pression cause  an  abnormal  degree  of  heat  in 
the  cylinder  and  trouble  from  fire  is  experi- 
enced. In  all  cases  an  oil  should  be  used 
which  causes  the  least  oxidation  possible,  its 
flash-point  being  as  high  as  consistent  with 
good  lubricating  qualities.  Ignition  in  the  com- 
pressed air  delivery  pipe  is  not  uncommon  as 
shown  by  the  explosion  of  two  air  receivers 
during  the  construction  of  the  Xew  York  aque- 
duct ;  in  one  case  the  engine-room  was  de- 
stroyed by  the  resultant  fire.  The  explosion 
was  caused  by  the  use  of  an  oil  of  very  low 
flash-point.  This  ignition  has  extended  in 
some  cases  to  the  air  receiver,  and  in  one  in- 
stance the  flames  were  carried  down  into  the 
mines  by  the  compressed  air.  In  some  cases 
the  pressure  recorded  by  the  gage  has  not 
been  so  high  as  that  equivalent  to  the  flash- 
point temperature  of  the  oil.  There  must, 
however,  have  been  an  increase  in  temperature, 
and  this  is  due  to  a  momentary  increase  caused 
by  the  constricted  air  passages  being  choked 
by  the  deposited  carbon.  Trouble  is  increased 
by  using  too  much  oil,  either  of  good  or  bad 
quality.  This  source  of  trouble  is  rather  com- 
mon, for  many  engineers  have  an  idea  that  an 
air  cylinder  requires  as  much  oil  as  a  steam 
cylinder.  Consequently  deposition  of  carbon 
goes  on  at  a  very  rapid  rate.  The  carbon  deposit 
can  be  removed  by  kerosene.  Care  should, 
however,  be  exercised  in  the  use  of  that  same, 
for  its  flashpoint  is  about  120  degs.  F.,  and  its 
careless  introduction  through  the  inlet  valve 
has  accounted  for  many  explosions. — Engineer- 
ins  Times,  London. 
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AIR  VALVE  ON  HYDRAULIC 
WHEEL-PRESS 

In  the  ordinary  hydraulic  wheel  press  as 
used  in  railroad  shops  and  elsewhere  the  water 
which  gives  the  pressure  is  controlled  by  a 
screw  valve  operated  by  a  hand  wheel,  and 
when  this  valve  is  placed  as  usual  at  the  end 
of  the  machine  the  operator  is  either  compelled 
to  walk  to  the  valve  every  time  or  if  he  stands 
constantly  by  the  valve  another  man  has  to 
look  after  and  gage  the  wheels.  The  device 
here  shown  (the  cut  from  Railway  and  Loco- 
motive Engineering)  was  got  up  by  Mr.  J.  J. 
Acker,  car  foreman  of  the  Rock  Island  shops  at 
Horton,  Kansas. 

In  this  arrangement  there  is  an  air  operated 
valve  located  where  most  convenient  for  the 
man  in  charge.  For  the  familiar  screw  act- 
uated water  valve  there  is  substituted  a  plain 
compression  valve  which  normally  is  held 
closed  by  the  pressure  of  air  upon  a  piston. 
The  stem  of  this  valve  projects  out  through  a 
specially  designed  packing  nut  which  has  a  pro- 
jection y2  in.  thick  standing  out  from  it  in  the 
form  of  a  loop  about  3  ins.  long.  Up  and  down 
in  this  loop  a  wedge-shape  little  crosshead  is 
made  to  move  by  the  operation  of  an  upright 
-air  cylinder  placed  below  it.  This  piece  of 
mechanism   is   at  the   end  of   the   wheel   press, 
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AIR  VALVE   APPLIED   TO   PRESS. 

der  reaches  it  through  a  pipe  so  placed  that 
the  operating  air  valve  is  quite  convenient  for 
the  man  working  the  press. 

When  air  is  admitted  to  the  cylinder  its  pis- 
ton rises  and  the  piston  rod  with  the  wedge- 
shaped  crosshead  goes  up.  the  flat  back  of  the 
wedge  sliding  along  the  outer  end  of  the  slot 
in   the  packing   nut   "'loop."   The  wedge   forces 


back  the  water  valve  stem  and  so  closes  the 
valve.  When  air  is  released  from  the  upright 
cylinder  its  piston  and  rod  descend,  the  wedge- 
crosshead  comes  down  and  the  water  pressure 


DETAILS  OF  AIR  VALVE. 

opens  the  water  valve.  The  water  valve  can 
be  opened  or  closed  very  quickly  and  any  de- 
gree of  opening  may  be  secured  according  to 
the  movement  of  the  wedge-cross-head. 

This  device,  which  is  not  patented,  has  had 
the  effect  of  greatly  increasing  the  output  of 
the  wheel  press,  as  the  little  air  piston  works 
quickly  in   either   direction. 


OXYGEN  PERCENTAGE  AS  AFFECTED 
BY  MOISTURE 

James  Moir,  in  a  communication  to  the 
Chemical  and  Metallurgical  Society  of  South 
Africa  calls  attention  to  the  errors  which  may 
occur  in  the  readings  of  gas-volumetric  appar- 
atus on  account  of  the  varying  percentages  of 
moisture  in  the  air.  Speaking  of  conditions  on 
the  South  African  plateau  where  he  writes, 
the  altitude  being  about  4,000  feet,  it  would 
appear  that  on  a  warm  day  with  the  laboratory 
temperature  at  72  degrees,  Fahr.,  and  the  va- 
por pressure  of  water  as  high  as  20  mm.  of 
mercury  (.787  in.)  the  error  might  be  quite 
serious.  This  20  mm.  at  the  altitude  men- 
tioned corresponds  to  3.23  per  cent,  of  water- 
vapor  in  the  air ;  consequently  in  analyzing  air 
over  water  the  oxygen  percentage  of  the  dry 
air  is  apparently  depressed  by  0.7  per  cent. ; 
while  the  difference  (reported  as  nitrogen)  is 
affected  by  two  errors,  namely,  the  above 
0.7  per  cent,  and  in  addition  the  actual  quan- 
tity of  water-vapor  present.     Thus  a  sample  of 
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air  containing  when  dried  20.95  per  cent,  oxy- 
gen, 0.05  per  cent.  C02,  and  79.0  per  cent,  ni- 
trogen when  introduced  into  an  Orsat  at  72 
degrees  F.,  will  expand  by  3.33  per  cent.;  and 
the  analysis  will  give  C02=0.05  per  cent,  0= 
20.25  per  cent.,  residue=797  per  cent.  Seeing 
such  an  analysis,  one  would  suppose  that  some 
of  the  oxygen  had  been  used  up,  but  in  fact 
the  apparent  deficit  is  due  entirely  to  dilution 
with  water-vapor.  Again,  3.2  per  cent,  of  the 
residue  is  water-vapor,  so  that  the  true  value 
of  the  inert  gases  (mainly  nitrogen)  in  the 
saturated  sample  is  76.5  per  cent. ;  the  depres- 
sion from  79.0  per  cent,  corresponding  exactly 
with  the  dilution  of  the  dry  gas  with  3.33  per 
cent,  of  water-vapor.  Consequently,  to  get 
comparable  results  with  such  apparatus,  it  is 
necessary  to  recalculate  the  observed  readings. 
It  would  be  more  correct  theoretically  to  use 
in  the  calculation  the  actual  percentage  of 
water-vapor  present  at  the  time  of  sampling  ; 
but  in  practice  it  is  usual  to  calculate  back  to 
dry  air.  so  as  to  be  able  to  compare  directly 
with  the  existing  standard  analyses  of  fresh 
air.  Thus  if  the  observed  readings  are :  C02= 
O.I,  02=20.2,  residue=797,  and  the  tempera- 
ture of  the  water  is  70  degrees  F.,  the  barome- 
ter reading  620  mm.,  that  is,  vapor  pressure= 
18.6  mm.,  then  percentage  of  water-vapor  is 
(  18.6/620)  X  100=3.0  per  cent.  Consequently 
100  c.c.  of  the  wet  gas  contains  CCX— 0.1  c.c, 
02=20.2  c.  c,  Ni,  etc.=76.7  c.c,  HX)=30  c.c. ; 
which  quantities  are  also  contained  in  97  c.c. 
of  the  dry  gas;  therefore  the  true  analysis  of 
the  dry  gas  is  (multiplying  the  figure  by  lw,/m), 
C02=0.i03  per  cent.,  02=20.825  per  cent.,  and 
N2,  etc. =79.072  per  cent. 

An  example  of  such  a  fallacy  is  the  defi- 
ciency of  oxygen  always  observed  in  mine  air. 
The  atmosphere  in  mines  is  usually  near  satu- 
ration, and  consequently  dry  air  entering  the 
downcast  with,  let  us  say,  21  per  cent,  oxygen, 
will  through  mere  dilution  with  water-vapor 
contain  only  about  20.5  per  cent,  by  the  time  it 
reaches  the  foot  of  the  shaft.  In  spite  of  this 
elementary  fact,  many  scientists  have  attrib- 
uted the  fall  in  oxygen  to  such  things  as  the 
oxidation  of  pyrite  or  timber.  It  should  also 
be  noted  that  the  state  of  humidity  of  the  air 
also  affects  the  results  of  C02  determinations 
by  Pettenkofer's  method,  but  only  to  a  slight 
extent.  The  observed  barometric  pressure 
should  be  diminished  by  the  existing  vapor 
tension  at  the  time  of  sampling. 


THE  FAN   BLOWER  IN  INDUSTRIAL 
HYGIENE 

The  report  of  the  [Massachusetts  State  Board 
of  Health  gives  large  space  to  the  general  topic 
of  ventilation,  and  especially  in  presenting  ev- 
idence of  the  easy  possibility  of  vastly  improv- 
ing conditions  by  the  employment  of  suitable 
apparatus.  When  dust  or  fumes  are  formed  in 
industrial  operations  they  may  be  assumed  to 
be  always  injurious  and  often  dangerous,  and 
they  should  be  systematically  taken  care  of. 

The  fan  blower  is  shown  to  be  the  one  reli- 
able device  for  this  purpose.  Its  positive  and. 
controllable  action  makes  it  applicable  to  all 
conditions,  and  the  ready  means  of  rendering 
practically  harmless  many  occupations  which 
are  otherwise  exceedingly  unhealthy.  It  is 
primarily  essential  that  the  fan  be  locally  ap- 
plied, that  is,  that  the  source  of  dust  or  fumes 
be  so  hooded  and  connected  with  the  fan  that 
whatever  is  objectionable  may  be  immediately 
drawn  away,  and  not  allowed  to  escape  into 
the  room. 

In  each  industry  there  are  applications  pe- 
culiar to  its  own  processes,  but  the  general 
public  has  little  knowledge  of  the  methods  em- 
ployed. Perhaps  the  most  familiar  application 
of  the  fan  for  the  handling  of  refuse  and  the 
removal  of  dust  is  in  the  planing  mill  where 
each  machine  is  hooded,  and  such  a  vacuum  is 
produced  in  the  connecting  pipes  that  the  fan 
is  enabled  to  convey  the  waste  material 
throughout  long  distances,  pass  it  through  dust 
collectors,  and  allow  the  clarified  air  to  escape 
to  the  atmosphere,  while  the  shavings  and  saw- 
dust are  as  quietly  deposited  as  may  be  desired. 

In  the  shoeshop  the  fan  is  almost  universally 
employed  to  remove  the  fine  leather  dust  from 
the  buffing  wheels  and  other  shoe-working  ma- 
chines. Here  close  hooding  is  necessary  to 
economize  the  volume  of  air  handled  by  the 
fan. 

In  the  manufacture  of  derby  and  felt  hats 
the  essential  material  is  fur  heated  with 
cyanide  of  mercury.  Separation  of  coarse 
from  fine  hair  is  accomplished  under  the  action 
of  powerful  suction. 

Mechanically  operated  exhaust  systems  find 
helpful  applications  in  connection  with  ma- 
chines for  pointing  the  pins  of  horn  and  cellu- 
loid combs,  the  "dusters"  used  for  cleaning  pa- 
per mill  rags,  the  hydroflouric  acid  tanks  of  the 
glass  cutter,  the  polishing  lathes  used  by  the 
manufacturer  of  optical  lenses,  and  in  the  ma- 
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chine  shop,  the  textile  mill,  the  match  factory, 
the  lead  works,  and  a  hundred  other  industries. 

In  a  system  applied  to  a  series  of  brass 
grinding  and  polishing  wheels,  each  hood  is  so 
constructed  that  by  means  of  the  swinging  side 
plate  the  wheel  may  be  readily  replaced.  Visors 
at  top  and  bottom  of  the  hood  may  be  adjusted 
so  as  to  include  any  desired  portion  of  the 
wheel.  The  lighter  dust  is  carried  away  by 
the  air  passing  through  the  fan,  but  the  heav- 
ier metallic  particles  fall  into  a  hopper  below, 
whence  they  can  be  periodically  removed. 

There  is  manifestly  no  limit  to  the  variety 
of  applications  of  the  fan  blower  which  may 
be  made  to  improve  hygienic  conditions.  It 
is  perfectly  evident  that  the  objectionable  fea- 
tures obtaining  in  most  industries  may  be 
thereby  removed,  or  their  influence  may  be 
reduced  very  much,  with  a  material  result  in 
the  healthfulness  of  employees. 


and  f  with  the  leather  cup  disk  g  between 
them.  The  plate  e  should  be  a  loose  sliding 
fit,  the  leather  disk  serving  as  the  air  check. 
The  end  of  the  cap  is  bored  and  threaded  for 
the  nut  h  which  is  bored,  and  the  end  tapered 
and  fitted  with  the  brass  nipple  i,  the  taper  of 
which  is  ground  to  the  nut;  /  is  the  air  passage 
drilled  through  from  the  outside,  running  from 
the  nipple  chamber  to  the  body  bringing  the 
air  back  of  the  piston.  The  holes  in  the  out- 
side are  plugged  with  small  studs  screwed  in; 
at  k  is  a  small  hole  to  allow  the  air  to  escape 
as  the  piston  moves.  The  drawing  rod  c  is 
fitted  in  the  spindle  as  usual  in  this  style  of 
machine,  with  the  key  m  fitting  the  keyway 
inside  of  the  spindle,  and  a  coil  spring  at  n, 
to  draw  back  the  rod  when  the  air  is  released. 
The  short  brass  nipple  ;,  is  fitted  to  a  union 
and  the  air  pipe  which  can  run  down  in  front 
of  the   machine   and   at   a   convenient   position 


A     PNEUM 

A  PNEUMATIC  CHUCK 

The  cut  herewith,  from  the  American  Ma- 
chinist,  shows  a  pneumatic  chuck  for  use  on 
monitor  lathes  in  place  of  the  usual  lever  used 
to  operate  draw-in  checks.  It  may  be  used  on 
castings  or  any  work  that  does  not  require 
an  open  spindle.  One  with  a  5^-inch  bore, 
used  at  75  pounds  air  pressure,  will  be  found 
large  enough  for  average  size  work  in  brass. 
This  size  is  strong  enough  for  the  use  of  a 
2-inch  pipe  tap. 

Referring  to  the  sketch,  which  shows  it  on 
a  lathe  spindle  connected  up,  the  cast-iron  body 
a  is  threaded  to  screw  on  the  end  of  the  spin- 
dle. The  other  side  is  threaded  for  the  cast- 
iron  cap  b,  which  should  be  bored  accurate  and 
highly  polished.  The  body  is  bored  a  sliding 
fit  for  the  draw  rod  c  and  bored  and  threaded 
for  the  nut  d.  This  chamber  and  the  end  of 
the  nut  should  be  tapered,  on  the  face,  as  in 
sketch  and  used  as  a  packing  box.  preventing 
the  escape  of  air  into  the  spindle. 

The  piston  consists  of  the  cast-iron  plates  e 
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the  cut-off  cock  may  be  inserted.  A  plug  cock 
with  a  waste  hole  drilled  in  one  side  through 
both  body  and  key  may  be  used.  This  waste 
hole  is  to  allow  the  compressed  air  to  escape 
from  the  cvlinder  as  the  cock  is  turned  off. 


TUNNEL  DRIVING  AT  LOW  COST 

By  Walter  H.  Bunce. 
The  driving  of  the  Chipeta  adit  at  Ouray, 
Colorado,  was  not  especially  notable  as  an  im- 
portant operation,  but  on  account  of  the  rapid 
driving  and  the  resultant  low  costs,  attention 
was  attracted  to  it.  The  adit  was  projected 
as  a  working  entry  to  simplify  the  mining  of 
the  American-Nettie  quartzite  stratum,  which 
had  faulted  downward.  The  old  entries  were 
tortuous  inclines  terminating  at  the  fault.  The 
portal  is  in  the  face  of  the  steep  mountain 
forming  one  wall  of  the  canyon  north  of  the 
town  of  Ouray,  at  an  altitude  of  nearly  9,000 
ft.  and  1.700  ft.  above  the  bed  of  the  river.  For 
economic  reasons  the  power-plant  was  placed 
at  the  river  and  a  line  of  3l/2  in.  standard  pipe 
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was  laid  on  the  surface  to  carry  compressed 
air  to  the  adit.  This  pipe-line,  3400  ft.  long, 
has  given  no  trouble  in  summer  or  winter. 

During  the  installation  of  the  plant  and  pipe- 
line, work  was  carried  on  by  hand-labor,  the 
adit  reaching  a  length  of  263  ft.,  including  the 
portal  section  of  115  ft.,  which  was  heavily 
timbered  7  by  7  ft.  in  the  clear.  Machine- 
drilling  was  then  started  and  a  run,  which 
lasted  for  five  full  months,  was  made,  only  two 
rounds  of  holes  being  lost  in  that  period. 

This  run  of  five  months  (152  days)  resulted 
in  driving  the  heading  7l/2  by  7^  ft.  in  the 
clear,  a  distance  of  1,712^  ft.  in  hard  rock;  a 
monthly  average  of  342^  ft.  The  best  weekly 
record  was  85  ft.;  the  best  month  (31  days) 
was  $59  ft.  But  two  8-hour  shifts  per  day  were 
employed.  Compressed  air  at  about  100  lb. 
was  supplied  to  a  pair  of  3  1-8  in.  New  Inger- 
soli  drills,  both  mounted  on  one  single-screw 
column  set  horizontally  above  the  muckpile. 
The  round,  consisting  of  from  15  to  19  holes, 
was  drilled — except  the  lifters — from  this  set- 
ting, the  bar  being  re-set  for  the  lifters  after 
the  muck  was  away.  The  'cut'  was  taken  from 
the  bottom,  uniformly.  Three  drill-men  tended 
the  two  machines,  drilling  a  full  round  each 
shift. 

An  unusual  system  of  'mucking'  was  em- 
ployed, which,  perhaps  more  than  any  other 
one  thing,  may  account  for  the  substantial  rate 
of  progress.  The  tunnel  track,  18-in.  gauge, 
was  carried  close  to  one  side  of  the  adit,  and  a 
floor  consisting  of  steel  plates  and  planks  was 
maintained  with  the  greatest  care  for  not  less 
than  60  ft.  back  from  the  heading.  This  floor 
was  moved  forward  every  round.  No  switches 
or  turnouts  were  used;  cars  measuring  20  cu. 
ft.  capacity  were  specially  designed  and  these, 
although  weighing  empty  1,000  lb.  apiece,  were 
so  perfectly  balanced  that  the  empty  cars  com- 
posing an  incoming  train  were  easily  'jumped' 
off  the  track  on  to  this  floor,  the  loaded  cars 
passed  by,  and  then  the  empties  replaced  on 
the  track  in  detail  as  required  by  the  muckers 
for  loading.  Muck  was  handled  with  No.  6 
square-pointed  shovels.  Four  shovelers  and  a 
mule-driver  composed  each  shift.  Track  was 
laid  and  leveled  by  the  muckers.  Each  shift, 
composed  of  drill-men  and  muckers,  started 
work  together.  No  ventilating  system  was 
installed,  the  smoke  being  blown  back  with  air 
from  the  compressor.  The  adit  throughout  its 
entire  length  was  perfectly  dry. 


This  adit  was  an  independent  operation,  the 
employees  having  no  other  occupation,  so  that 
their  total  wages  are  a  charge  against  the 
work.  Their  wages  were:  Foreman,  $5;  drill 
men  and  blacksmith,  $4 ;  blacksmith-helper, 
$3.50;  muckers,  $3;  compressor-engineers, 
$3.50  per  8-hour  shift.  No  bonuses  were  paid 
except  on  Christmas  day,  when  double  time 
was  given.  The  following  costs  are  computed 
from  March  1,  when  1,835  ft-  (including  the 
portal  section )  had  been  completed,  and  em- 
brace every  item  outside  of  construction  and 
equipment  accounts,  which  were  closed  before 
the  current  accounts  were  opened.  The  'Pow- 
er' account  covers  labor,  coal,  oil,  and  lights, 
everything  at  the  compressor  station ;  'Labor' 
covers  all  other  labor  except  that  charged  in- 
to 'Lumber  and  Timbers.'  'Tunnel  Expense' 
covers  tool-renewals  and  repairs,  blacksmith's 
sundries,  forage,  oils,  and  general  sundries  at 
tunnel  ;  'Track  and  Pipe'  covers  cost  and  trans- 
portation of  rail,  fittings,  ties,  pipe,  and  pipe 
fittings  ;  'Expense'  covers  city  office,  rent,  fur- 
niture, and  incidental  expenses.  The  compen- 
sation of  the  acting  superintendent  is  nowhere 
included  in  the  costs  as  shown. 
Distribution  Cost 

of  costs.  Total,     per  foot. 

Tunnel  expense    $556.94        $0,303 

Track    and    pipe    1,532.26  O.835 

Power       2,862.71  1.560 

Lumber   and   timber    533-51  0.291 

Labor    11. 981. 85  6.529 

Lights      233.70  0.127 

Explosives      3,522.06  I-9I9 

Expense      836.1 1  0.455 


(1835 1  $22,059.14      $12.02 

Pipe-line  through  tunnel  is  3^-in.  standard 
black  pipe.  Track  is  16-lb.  section,  on  ties  laid 
20  in.  apart.  Powder  (40  per  cent,  dynamite) 
cost  $0.1315  at  the  portal.  Close  estimation 
places  its  consumption  at  14.5  lb.  per  foot  for 
machine-driving.  Steam  coal  cost  $3  per  ton 
at  the  boilers.  The  air-pressure  was  nominally 
100  lb.  and  a  recording  gauge  kept  on  the  line 
proved  of  value  in  many  ways.  There  was  al- 
ways plenty  of  air.  No  charge  for  deprecia- 
tion of  tools  and  equipment  has  yet  been  en- 
tered ;  renewals  and  repairs  are  made  and 
charged  currently  to  'Tunnel  Expense'  and  the 
actual  value  of  the  outfit  to  the  company  is 
about  equivalent  to  new,  as  nothing  has  been 
allowed  to  run  down. — Mining  and  Scientific 
Press,  San  Francisco. 
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DIFFERENT  POWER  COSTS  FOR 
STEAM  DRIVEN  COM- 
PRESSORS 

Chas.  D.  Havenstrite,  in  a  series  of  papers 
recently  current  in  the  Cold  Storage  and  Ice 
Trade  Journal  discussing  in  detail  the  several 
features  of  the  refrigerating  machine  calls  at- 
tention to  the  different  possible  rates  of  steam 
and  coal  consumption  in  operating  the  com- 
pressor, the  most  responsible  portion  of  the 
apparatus.  As  the  matter  is  entirely  pertinent 
to  steam  actuated  air  compressors  for  whatever 
purposes  employed,  and  as  it  enforces  a  lesson 
not  yet  fully  learned,  this  portion  of  the  paper 
is  here  reproduced  and  is  commended  to  the 
attention  of  all  who  should  be  interested. 

There  are  three  usual  types  of  steam  engines 
employed  for  air  compressors :  the  simple  slide 
valve,  simple  "Corliss"  and  the  compound  con- 
densing "Corliss"  engine.  The  steam  used  by 
these  will  be  about  as  follows : 

Simple  slide  valve,  60  lbs.  of  steam  per  H. 
P.  hour. 

Simple  "Corliss,"  26  lbs.  of  steam  per  H.  P. 
hour. 

Compound  condensing  "Corliss,"  18  lbs.  of 
steam  per  H.  P.  hour. 

In  order  to  compare  what  the  fuel  consump- 
tion of  each  of  the  above  will  be,  we  will  con- 
sider a  25-ton  refrigerating  machine.  Allow- 
ing 1%  H.  P.  per  ton  of  refrigeration,  a  25- 
ton  refrigerating  machine  will  require  a  31^4 
H.  P.  engine.  Each  25-ton  machine  will  then 
use  the  following  pounds  of   steam  per  hour : 

Simple  slide  valve,  1.860  lbs.  of  steam  per 
hour. 

Simple  "Corliss,"  806  lbs.  of  steam  per  hour. 

Compound  condensing  "Corliss,"  478  lbs.  of 
steam  per  hour. 

Assuming  an  evaporation  in  the  boiler  of  7 
lbs.  of  water  per  pound  of  coal,  which  is  aver- 
age, we  have  : 

Simple  slide  valve,  266  lbs.  of  coal  per  hour. 

Simple  "Corliss,"  115  lbs.  of  coal  per  hour. 

Compound  condensing  "Corliss,"  68  lbs.  of 
coal  per  hour. 

And  for  24  hours  operation : 

Simple  slide  valve,  6.384  lbs.  of  coal  per  24 
hour?. 

Simple  "Corliss,"  2.760  lbs.  of  coal  per  24 
hours. 

Compound  condensing  "Corliss,"  1,632  lbs. 
of  coal  per  24  hours. 

It  is  thus  evident  that  there  is  quite  a  differ- 


ence in  the  fuel  consumption  of  the  three  types 
of  steam  engines  and  it  is  also  evident  that 
each  machine  will  require  a  different  size  boil- 
er to  operate  it.  Thus  a  boiler  just  large 
enough  to  operate  a  simple  "Corliss"  engine 
will  operate  a  compound  condensing  "Corliss" 
engine  with  ease  and  good  boiler  economy  in 
addition,  while  it  would  be  totally  unable  to 
operate  a  slide  valve  engine  of  the  same  horse- 
power. 

It  is  not  usual  practice  to  use  a  "Corliss" 
engine  on  machines  under  15  to  25  tons  refrig- 
erating capacity,  as  a  "Corliss"  of  such  small 
horse-power  becomes  more  or  less  troublesome. 
Further,  machines  of  such  small  size  are  not 
always  run  by  skilled  men  and  it  is  therefore 
better  to  furnish  the  simplest  type  of  engine. 
But  with  the  larger  sizes  it  is  well  to  consider 
whether  a  simple  or  compound  condensing 
"Corliss"  engine  is  to  be  used,  as  the  difference 
in  fuel  consumption  becomes  quite  large  and 
usually  warrants  the  higher  cost  for  the  more 
economical   of   the   two. 


HYDRO-OXYGEN  METAL  CUTTING 

Oskar  Kylin.  of  the  editorial  staff  of  Ma- 
chinery is  visiting  shops  in  Europe  and  sends 
readable  and  interesting  notes  of  things  seen 
there.  The  following  from  the  Borsig  Works, 
at  Tegel,  near  Berlin,  puts  us  in  closer  touch 
with  the  actual  operation  of  cutting  metals  by 
burning.     He  says : 

As  is  well  known,  the  principle  involved  in 
this  method  of  cutting  iron  is  the  use  of  the 
oxidizing  effect  on  the  metal,  or.  in  other 
words,  the  actual  burning  of  the  iron.  In  or- 
der to  cause  rapid  combustion  of  the  iron  when 
the  oxygen  is  applied  to  it,  it  must  be  heated 
to  a  temperature  of  1,300  to  1,500  degrees  F. 
before  applying  the  oxygen.  This  pre-heating 
of  the  iron  is  accomplished  by  a  burning  jet  of 
hydrogen  and  oxygen.  The  apparatus  for  cut- 
ting the  iron  consists  of  two  nozzles,  arranged 
to  follow  each  other,  the  first  nozzle  pre-heat- 
ing the  iron,  and  followed  by  the  second  noz- 
zle for  the  application  of  the  oxygen,  this  caus- 
ing combustion  of  the  iron,  and  executing  the 
cutting.  The  two  nozzles  are  arrange  so  that 
the  oxygen  will  always  strike  exactly  the  same 
spot  which  has  been  pre-heated  by  the  preced- 
ing flame. 

It  is  important  that  the  cutting  nozzles  be 
moved  at  a  certain  correct  speed.  If  the  cut- 
ting nozzles  are  moved  too  slowly,  the  contin- 
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uous  cutting  will  be  interrupted,  because  the 
iron  will  get  time  to  cool  off  before  being 
struck  by  the  stream  of  oxygen  from  the  sec- 
ond jet.  If,  again,  the  nozzles  are  moved  too 
quickly,  the  oxidizing  effect  will  not  be  com- 
plete, and  the  cutting  will  not  reach  through 
the  piece  to  be  cut.  With  some  practice,  how- 
ever, it  is  not  difficult  to  learn  by  experience 
the  correct  speed  for  any  particular  work. 
When  properly  done,  a  cut  made  by  this  meth- 
od is  very  smooth  and  equals  a  sheared  cut. 

It  might  be  assumed  that  the  material  would 
be  severely  attacked  on  the  surface  by  the  in- 
fluence of  the  oxygen,  but  this,  however,  is 
claimed  not  to  be  the  case.  With  the  exception 
of  a  layer  of  o.oi  inch,  at  the  most,  next  to  the 
cutting  edge,  the  material  keeps  its  original 
chemical  composition,  and  the  physical  quali- 
ties remain  the  same.  It  is  claimed  that  pieces 
of  iron  up  to  a  thickness  of  twelve  inches  may 
be  cut  by  this  process.  Of  course,  the  exact- 
ness of  the  cut  changes  with  the  different 
thicknesses'.  At  a  thickness  up  to  2  inches,  the 
process  may  be  carried  out  within  limits  of 
3-64  inch,  while  at  thicknesses  of  from  2  to  4 
inches,  the  limit  attainable  is  3-32  inch,  and 
above  4  inches  it  is  still  larger.  The  width  of 
the  cut,  of  course,  also  increases  with  the  thick- 
ness of  the  material. 

The  blow-pipes  are  connected  with  flexible 
piping  to  the  tanks  filled  with  the  respective 
gases.  As  the  pressure  in  the  tanks  is  high, 
being  about  150  atmospheres  when  filled,  the 
gas  passes  through  a  pressure  reducing  valve 
before  being  used.  The  pressure  of  the  oxy- 
gen, when  used  for  cutting,  varies,  depending 
upon  the  thickness  of  the  material,  from  about 
\V2  to  5  atmospheres. 

As  a  matter  of  curiosity,  some  work  done  by 
the  assistance  of  the  hydro-oxygen  jet  may  be 
mentioned;  when  visiting  the  Deutsche  Ox- 
hydric  Co.,  the  writer  saw  a  large  bunch  of 
grapes  with  leaves  and  branch  of  the  vine, 
which,  by  the  aid  of  the  hydro-oxygen  flame 
had  been  made  from  ordinary  thin  sheet  iron. 
The  imitation  was  good  and,  although  the 
piece  was  of  iron,  it  was  very  light.  There 
was  also  a  branch  of  a  pear  tree,  with  a  large 
nice-looking  pear,  and  two  leaves,  and  also  a 
lily  of  the  valley  made  in  the  same  way.  As 
a  souvenir,  the  writer  received  a  cup  made, 
during  his  visit,  from  welded  pipe,  by  the  aid 
of  the  same  process.     The  pipe  was   chucked 


in  a  lathe  and  then  heated  by  the  gas  jet,  and 
at  the  same  time  pressed  to  shape  by  hand  by 
a  plane  tool. 


REGULATING  HUMIDITY  IN 
FACTORIES 

The  control  of  humidity  of  air  rendered  pos- 
sible by  the  air-washing  system  was  well 
shown  in  a  series  of  tests  recently  made  at  a 
cotton  mill  in  Belmont,  N.  C,  in  which  there 
is  installed  an  air-washing  equipment  in  con- 
nection with  a  hot-blast  heating  system  having 
a  fan  of  25,000  cu.  ft.  capacity  per  minute. 
The  mill  is  a  two-story  building  with  5,000 
spindles  and  a  cubical  content  of  about  170,000 
cu.  ft.  per  floor.  Two  tests  were  recently  made 
with  the  system,  one  with  the  humidity  at  a 
very  low  point,  one  of  the  dryest  days  of  the 
month,  and  the  other  at  a  time  when  the  hu- 
midity was  exceedingly  high.  On  the  first  test 
the  outside  air  ranged  between  9.30  a.  m.  and  3 
p.  m.,  from  44  degrees  to  52  degrees,  dry  bulb, 
from  36  degrees  to  forty  degrees,  wet  bulb, 
and  from  40  to  30^  per  cent,  humidity,  but 
the  air  left  the  air  washer  at  a  humidity  of 
from  96  to  97  per  cent,  and  that  in  the  card 
room  was  held  at  about  61  y2  per  cent.,  in  the 
spinning  room  69V2  per  cent,  and  83  per  cent, 
in  the  winding  room.  In  the  second  test,  the 
outside  temperature  was  constant  at  48  de- 
grees, dry  bulb,  and  47  degrees,  wet  bulb,  and 
95  per  cent,  humidity,  and  the  air  leaving  the 
humidifier  had  a  humidity  of  96^  per  cent. 
The  humidities  thus  secured  within  the  mill 
were  64  per  cent,  in  the  card  room,  70  per  cent, 
in  the  spinning  room  and  87  per  cent,  in  the 
winding  room.  The  air  washing  and  humidi- 
fying equipment  was  installed  by  the  Buffalo 
Forge  Co. 


UNWELCOME  AIR  BLASTS 

The  Quincy,  one  of  the  oldest  and  most 
extensive  of  the  mines  in  the  Michigan  copper 
group,  is  troubled  by  air  blasts  caused  by  the 
falling  and  settling  of  rock  in  the  many  miles 
of  abandoned  workings.  The  falling  rock 
causes  compression  of  the  air  in  other  parts 
of  the  mine,  and  sometimes  the  shock  of  the 
fall  and  the  compression  is  sufficient  to  cause 
a  miniature  earthquake  which  may  be  felt  for 
several  miles  around.  The  distturbance  comes 
without  warning,  at  times  killing  or  injuring 
the  workmen. 
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UNDER-GROUND  WATER    SUPPLY 
FOR  CITIES 

The  safest,  best  and  cheapest  water  i>  se- 
cured under  ground ;  if  obtained  in  gravel  with 
a  reasonable  overlay  of  clay  or  from  the  rock 
itself,  there  is  little  chance  for  any  contamina- 
tion. Sand  stone  or  lime  rock  wells  produce 
the  purest  and  best  water  that  can  be  ob- 
tained. Shale  sometimes  produces  water  that 
has  a  peculiar  odor  and  taste  that  is  objection- 
able, and  frequently  shale  water  is  salty.  In 
most  localities  rock  water  is  secured  within 
two  or  three  hundred  feet  of  the  surface  of  the 
ground ;  in  a  few  exceptional  cases  it  has  been 
found  necessary  to  go  down  1,500  to  2,000  feet. 
A  great  many  of  the  wells  in  Chicago  are  1,600 
feet  and  pumped  with  compressed  air.  What- 
ever the  depth  may  be,  this  is  the  surest,  safest 
and  cheapest  method  for  producing  water,  and 
it  is  a  rare  instance  when  water  can  not  be  ob- 
tained by  drilled  wells.  Some  cities  get  their 
water  supply  from  rivers  or  lakes  and  filter  it. 
This  is  only,  however,  when  the  underground 
water  is  found  to  be  salty  or  contain  such 
chemical  properties  as  render  it  objectionable. 
When  preparing  to  secure  water  for  towns  or 
villages,  the  first  course  to  pursue  is  the  pre- 
liminary prospecting  to  find  the  best  and  most 
available  supply.  Small  holes  can  be  used, 
usually  from  5  to  6  inches,  as  water  can  be 
tested  for  quality  and  quantity  in  this  size  hole 
and  the  expense  of  drilling  them  is  not  so 
great  as  is  the  case  with  a  larger  size.  The 
prospecting  should  cover  a  large  area,  and  it 
frequently  happens  that  more  water  supply  is 
found  within  a  radius  of  half  a  mile  or  fre- 
quently a  good  supply  is  found  in  the  gravel 
and  also  in  the  rock  below.  After  locating 
what  appears  to  be  a  good  supply,  samples 
should  be  taken  and  submitted  to  the  state 
board  of  health,  or  some  other  reliable  labora- 
tory, where  they  are  equipped  to  make  a  re- 
liable analysis.  After  it  has  been  determined 
that  the  quality  is  good,  the  water  can  be 
tested  for  quantity  by  any  of  the  well  known 
methods. 


THE  DRY  AIR  BLAST  IN   THE 
BESSEMER  CONVERTER 

The  Gayley  dry-air  blast  system  having  been 
used  with  such  marked  success  in  several  blast 
furnaces  in  the  last  two  or  three  years,  ar- 
rangements were  recently  made  at  the  South 
Chicago  works  of  the  Illinois  Steel  Company 
to  try  the  effect  of  the  dry  blast  in  the  bessem- 
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er  converter  also.  A  run  of  two  days  was 
made,  the  average  reduction  of  moisture  in  the 
«ir  blown  into  the  converters  being  from  5.98 
to  1.39  grains  of  moisture  per  cubic  foot. 

The  results  obtained  were  remarkable,  and 
may  mark  an  epoch  in  steel  manufacture. 
Throughout  the  test  a  better  and  more  nearly 
uniform  grade  of  steel  was  produced.  The  in- 
gots cast  were  more  solid,  free  from  blow 
holes,  except  at  the  extreme  top.  and  the 
blooms  made  from  them  showed  unusual  solid- 
ity and  freedom  from  segregation.  With  the 
usual  discard,  the  blooms  were  used  in  rolling 
]uo  lb.  section  rail,  and  in  the  tests  only  1  per 
cent,  of  the  rails,  a  very  unusual  proportion, 
were  rejected  as  defective  or  of  second  quali- 
ty. The  results  obtained  were  further  encour- 
aging in  the  direction  of  increased  capacity  for 
tarrying  scrap  and  other  items  bearing  on  cost, 
and  in  the  enlarged  control  of  high  or  low 
silicon   irons. 

The  test  spoken  of  was  on  such  a  scale  and 
so  carefully  made  that  it  would  seem  to  fully 
confirm  Mr.  Gayley's  claims  for  the  advantages 
of  using  dry  air  in  the  converter  as  well  as  in 
the  blast  furnace.  It  may  be  of  great  import- 
ance in  restoring  confidence  in  the  bessemer 
process,  and  in  putting  the  converters  again  on 
a  parity  with  the  open  hearth  furnaces  as  far 
as  the  quality  of  the  product  is  concerned. 

This  application  may  contribute  largely  to 
the  solution  of  the  steel  rail  question  which 
has  been  so  insistent  of  late.  With  similar  re- 
sults to  be  depended  on  in  continuous  opera- 
tion there  will  be  no  longer  necessity  of  aban- 
doning the  bessemer  converter  and  adopting 
the  open  hearth  furnace  for  rail  material. 


INCIDENTAL  LESSONS  IN  ROCK 
DRILL  TESTS 

At  the  June  meeting  of  the  South  African 
Association  of  Engineers  Mr.  E.  J.  Laschinger 
gave  some  interesting  particulars  of  tests 
which  had  been  made  at  the  Meyer  &  Charl- 
ton mine  with  the  New  Ingersoll  and  the  Kono- 
max  drills,  the  latter  a  local  production.  The 
chief  results  of  the  tests   were : 

(i)  It  was  proved  that  the  ordinary  i-in. 
pipe  and  i-in.  air  hose  were  not  of  sufficient 
capacity  to  serve  3%-in.  drills  satisfactorily. 
tj)  The  necessity  of  renewing  the  pistons. 
valves,  and  other  accessories  of  the  rock  drills 
more  frequently  than  is  the  present  practice 
was  apparent  from  the  higher  results 
achieved  by  new  drills  as  compared  with  those 


which  had  been  riming  for  some  time.  (3) 
Contrary  to  the  general  opinion,  it  was  found 
that  the  loss  of  pressure  from  leakage  under- 
ground (and  it  must  be  stated  that  the  Meyer 
iv  Charlton  is  an  old  mine,  and  the  connections 
have  been  established  for  years)  was  less  than 
5  per  cent. 

There  are  a  number  of  experiments  being 
conducted  on  these  fields  in  connection  with 
rock  drills,  with  a  view-  of  determining  the 
most  economical  pressures  and  other  matters 
which  concern  the  effective  power  of  the  drills. 
These  experiments  are  welcomed  by  the  mines, 
as  they  all  tend  in  the  direction  of  increased 
efficiencv. 


REMOVING  IRON  FROM  WATER 
BY  AERATION 

Dover,  N.  H.,  obtains  its  water  supply  from 
several  springs  located  in  low  ground,  just  be- 
low a  sandy  ridge,  the  water  being  collected 
in  2.000  feet  of  TO-inch  vitrified  sewer  pipe  laid 
with  open  joints  from  10  to  12  feet  below  the 
surface.  The  water  from  some  of  the  springs 
contains  a  considerable  amount  of  iron,  suffi- 
cient to  make  it  undesirable  for  washing  white 
clothes  in,  and  those  springs  were  cut  out 
from  the  supply  for  some  years.  It  was  later 
decided  to  use  this  water  and  endeavor  to  re- 
move the  iron  from  it  as  far  as  possible.  The 
ordinary  method  of  accomplishing  this  is  by 
aeration,  which  renders  the  iron  insoluble,  fol- 
lowed by  removal  of  the  precipitant  by  filtra- 
tion. Under  the  advice  and  direction  of  Wil- 
liam S.  Johnson  as  consulting  engineer,  the 
apparatus  described  herewith  was  built,  as  a 
temporary  affair  only. 

The  sod  and  loam  were  removed  from  a  plot 
of  ground  about  400  by  150  feet,  situated  400 
feet  above  the  springs  from.  wmich  the  accepta- 
ble water  was  obtained,  thus  exposing  a  sandy 
soil,  whose  elevation  was  27  feet  higher  than 
the  vitrified  collecting  pipe-line.  The  iron- 
bearing  water  was  pumped  to  the  filter  bed 
through  400  feet  of  4-inch  pipe,  which,  at  the 
bed,  was  connected  to  two  lines  of  2^2-inch 
pipe,  in  the  top  of  which  were  drilled  J^-inch 
holes  in  four  lines.  The  pressure  from  the 
pump  forced  the  water  through  these  about  10 
feet  into  the  air,  and  as  it  fell  onto  the  sand 
bed  in  the  form  of  spray  it  absorbed  the  de- 
sired oxygen.  Passing  down  through  the 
way  to  the  springs  which  were  being  utilized, 
sand,  the  water  was  filtered  and  found  its 
and  from  them  to  the  collecting  line. 
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The  superintendent  states  that  they  undoubt- 
edly lose  a  part  of  the  water  which  is  pumped 
hut  analyses  appear  to  indicate  that  95  per 
cent,  of  the  iron  has  been  removed  from  that 
collected,  and  the  plant  may,  therefore,  be 
said  to  be  to  this  extent  a  success.  Municipal 
Journal. 


AN  AIR  JET  HELPS  THE  LOADING 

In  excavating  for  the  foundations  for  the 
Hudson  Terminal  Buildings  there  was  a  great 
-mass  of  material  to  be  handled,  much  of  it  con- 
sisting of  stiff  wet  clay  and  quicksand.  This 
material  was  first  loaded  into  a  bucket  which 
was  hoisted  close  up  to  a  traveler  suspended 
under  an  I  beam  and  then  run  over  a  hopper 
where  it  was  dumped.  Wagons  would  then 
•come  in  succession  under  the  hopper  and  each 
take  its  load.  The  water  from  the  quicksand 
puddled  the  clay  and  compacted  it  so  solidly 
at  the  bottom  of  the  hopper  that  when  the  slid- 
ing door  was  opened  to  let  the  load  down  into 
the  wagon  the  clay  arched  itself  so  that  it 
would  not  slip  by  gravity  and  it  was  necessary 
to  keep  three  to  four  men  on  a  platform  over 
the  hopper  to  cut  the  material  and  free  it  with 
heavy  slice  bars.  It  took  about  10  minutes  to 
load  a  two  yard  wagon  in  this  way,  and  it  was 
seldom  that  more  than  60  loads  per  day  could 
"be  loaded  from  one  hopper. 

There  being  a  constant  supply  of  compressed 
air  on  the  work  it  was  resorted  to  for  relief  in 
this  case.  A  pipe  was  run  from  the  compres- 
sor with  a  valve  convenient  for  the  men  on 
the  platform.  A  hose  was  attached  to  the  pipe 
and  at  the  end  of  it  a  piece  of  1  inch  pipe  4  or 
5  feet  long  was  fastened.  This  pipe  was  run 
•down  into  the  dirt  and  when  the  air  was 
turned  on  it  caused  the  material  to  slide  freeh- 
and the  wagon  was  quickly  loaded.  The  num- 
ber of  wagons  was  at  once  increased  and  in 
ten  hours  from  100  to  120  wagons  were  loaded 
from  each  hopper. 

The  cost  of  the  work  was  materially  reduced 
"by  this  means — blown  away,  we  might  say — as 
the  number  of  teams  was  doubled  and  the  daily 
excavation  considerably  increased,  thus  saving 
on  the  fixed  charges.  The  labor  of  nine  men 
was  saved  on  the  three  hoppers.  The  cost  of 
the  air  was  scarcely  appreciable  in  comparison 
with  the  results.  A  2  inch  pipe  ran  from  the 
compressor  with  air  at  80  lbs.,  but  the  jet  was 
-used  only  a  small  portion  of  the  time. 


QUESTIONS  AND  ANSWERS 

W.  G.  C,  Savannah,  Ga.  Q.  In  the  little 
article  in  your  August  issue  on  "Record  Driv- 
ing in  South  African  Mines,"  it  is  stated  that 
with  the  air  at  80  lbs.  gage,  at  the  surface  the 
working  pressure  at  the  drills  was  not  less  than 
that,  notwithstanding  the  usual  reduction  of 
pressure  due  to  the  friction  in  the  pipes.  The 
gain  in  air  pressure  at  about  4,000  feet,  it  was 
stated,  equals  10  lbs.  per  sq.  in.  Some  months 
ago  in  Compressed  Air  a  rule  was  given  for 
roughly  approximating  the  pressures  of  air  at 
different  depths,  which  was  to  add  20  per  cent, 
to  the  absolute  pressure  for  each  mile  of  depth. 
Then  20  per  cent,  of  14.7  would  be  2.94  lbs., 
and  for  4,000  feet,  or  say  34  mile,  it  would  be 
only  2.2  lbs.  instead  of  10  lbs.  Which  is  cor- 
rect? 

A.  Both  are  approximately  correct,  one  of 
them  for  atmospheric  air  and  the  other  for  air 
compressed  to  a  specified  pressure.  The  weight 
of  a  cubic  foot  of  air  at  normal  pressure  and 
at  60  degrees,  Fahr.,  is  .0764  lb.,  and  as  80  lbs. 
gage  is  6.44  atmos.,  the  weight  of  a  cubic  foot 
at  that  pressure  would  be  .0764x6.44:=. 492  lb. 
Say  that  we  had  a  pipe  with  a  sectional  area 
of  1  square  foot,  144  sq.  in.,  and  with  a  vertical 
height  of  4.000  feet,  then  the  weight  of  the  air 
in  the  pipe,  independently  of  any  pressure 
above  it,  would  be  4,000X492=  1.968  lb.,  and 
1.968-^-144=13.66  lbs.  per  sq.  in.  The  total 
weight  would,  indeed,  be  considerably  more 
than  this  on  account  of  the  compression  of  the 
contents  of  the  lower  portions  of  the  column 
by  the  weight  of  all  above.  Unless  the  piping 
were  outrageously  inadequate  the  loss  by  fric- 
tion of  flow  should  be  much  less  than  this,  and 
there  should  be  an  effective  working  pressure 
of  probably  90  lbs.,  while  the  atmospheric  pres- 
sure at  that  depth  against  which  the  drills 
would  deliver  their  exhaust  would  be  only 
about  3  lbs.  above  the  surface  pressure. 


TRADE  PUBLICATIONS 

Progress  Reporter,  No.  18,  Niles. — Bement- 
Pond  Co..  Xew  York.  20  pages,  9  by  12  inches. 
This'  shows  a  number  of  new  tools  recently 
turned  out.  a  90  inch  Niles  Tire  Mill,  a  mas- 
sive combination  slotting,  boring,  drilling  and 
milling  machine,  a  16-25-foot  heavy  pattern  ex- 
tension boring  and  turning  mill,  several  new 
lathes  and  other  tools. 
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Works  and  Products  of  Allis. — Chalmers 
Co.  48  pages,  5  by  6  inches.  The  seven  plants 
of  this  company  are  illustrated,  the  aggregate 
floor  space  amounting  to  74  acres,  and  the  to- 
tal ground  area  to  250  acres :  the  products 
mentioned  include  pumping  engines,  hydraulic 
turbines  and  centrifugal  pumps,  gas  engines 
and  power  engines  for  all  services,  steam  tur- 
bines. crushin.tr.  mining,  floor  mill  and  saw  mill 
machinery  and  numerous  other  products. 

Record,  Xo.  65,  Baldwin  Locomotive  Works, 
Philadelphia.  48  pages.  6x9  inches.  This  is  a 
reprint  of  a  paper  on  the  Mallet  Articulated 
Compound  Locomotive  read  before  the  Engi- 
neers' Club  of  Philadelphia  by  Grafton  Green- 
ough,  with  discussion  by  S.  M.  Vanclain. 
Copiously   illustrated  and   finely   printed. 

The  Barco  Flexible  Joint.  Barco  Brass 
and  Joint  Company,  Chicago.  16  pages.  6x9 
inches.  This  joint  is  described  and  shown  in 
detail  as  to  construction  and  a  wide  range  :>f 
adaptability  is  suggested  in  the  illustrations  of 
the  joint  in  actual  use.  Full  dimensions  of  the 
different  sizes  are  given. 

Bulletins  i — 6,  United  Store  Service  and 
Tube  Company.  Boston.  These  bulletins  de- 
scribe cash  carriers,  parcel  carriers,  pneumatic 
despatch  tubes,  used  in  stores  and  factories  and 
in  connection  with  telegraph,  postal  and  other 
service. 

Coal     Handling     Machinery,     Conveyors, 

"Industrial."  "Railways,"  St  vedore  Rope.  C. 
W.  Hunt  Company.  West  Xew  Brighton,  N. 
Y.  48  pages,  6  by  t,1/2  inches.  "An  introduc- 
tion to  the  general  line  of  labor  saving  machin- 
ery manufactured  by  the  company."  The  pam- 
phlets issued  by  this  company  make  effective 
use  of  little  half-tones,  about  100  telling  their 
stories  in  these  pages. 

There  have  been  issued  recently  by  the  In- 
gersoll  Rand  Company,  1 1  Broadway,  New 
York,  four  pamphlets  designated  as  follows : 
36A,  Compressors ;  47A,  Rock  Excavating  Ma- 
chinery;  21  A,  Electric-Air  Rock  Drills  and 
Channelers:  74B,  Pneumatic  Pumping  Sys- 
tems. These  have  each  24  pages,  6  by  3*4 
inches  and  slip  into  a  regular  letter  envelope 
or  an  inside  pocket.  They  are  copiously  illus- 
trated and  contain  in  compact  and  handy  form 
a  great  amount  of  essential  information  con- 
cerning the  lines  of  apparatus  indicated. 


ALTITUD^   STRENGTHENING 
THE  HEART 

The  Journal  of  Tropical  Medicine  and  Hy- 
giene rotes  the  fact  that  the  Transvaal  Medi- 
cal Society  has  appointed  a  sub-committee  to 
investigate  the  clinical  and  physiological  ef- 
fect- of  altitude  upon  persons  resident  in  high 
localities,  and  says : 

"The  Transvaal  is  an  upland,  Johannesburg 
being  some  0.000  ft.  above  sea  level.  The  in- 
creased pnlse-rate  observable  in  the  locality  is 
attributed  to  altitude,  and  although  it  is  said  a 
healthy  man  can  adapt  himself  to  any  degree 
of  altitude,  there  is  some  doubt  as  to  the 
scientific  accuracy  of  this  statement.  The  in- 
creased pulse-rate  may  require  some  hyper- 
trophy of  the  heart  muscle,  a  condition  actual- 
ly observed  in  a  certain  proportion  of  school 
children  in  Johannesburg  schools.  The  im- 
portance of  this  condition  would  seem  to  cen- 
tre chiefly  around  a  question  of  longevity,  and 
it  would  be  interesting  to  determine  the  aver- 
age length  of  life  to  which  adults  attain  at 
these  relatively  high  altitudes." 

It  is  a  fact  that  though  Johannesburg  is  a 
young  city,  it  already  numbers  among  its  in- 
habitants not  a  few  men  of  advanced  age  who 
appear  to  be  at  least  as  active  as  those  of  sim- 
ilar year-  elsewhere.  Longevity  amongst  the 
Boers,  many  of  whom  have  lived  nearly  all 
their  lives  at  altitudes  similar  to  that  of  the 
Rand.  i<  notorious.  "Hypertrophy  of  the  heart 
muscle"  may  sound  very  serious  to  the  aver- 
age layman,  but  in  plain  English  it  is  nothing 
more  than  the  strengthening  of  that  organ  to 
meet  the  needs  of  new  conditions,  or,  in  other 
words,  it  is  the  organism  adapting  itself  to  its 
environment.  The  change  from  low  to  high 
veld  iti  South  Africa  often  acts  as  a  decided 
tonic,  and  should  prove  beneficial  in  the  major- 
ity of  cases  even  of  impaired  health,  though 
where  there  is  reason  for  doubt  a  medical  man 
should  certainly  be  consulted. 


THE  AERODROMETEK 

In  the  course  of  a  research  into  the  respira- 
tory movements.  Prof.  Zwaardemaker,  of 
Utrecht,  has  devised  a  very  simple  apparatus 
for  determining  the  velocity  of  gas  streams,  an 
apparatus  which  seems  to  be  capable  of  appli- 
cation for  mechanical  as  well  as  for  physiolog- 
ical experiments.  This  aerodromometer  con- 
sists of  a  vertical  glass  tube,  about  25  centime- 
tres (10  inches)  in  length  and  1  or  2  centime- 
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tres  (0.4  to  0.8  inch)  in  diameter,  in  the  mid- 
dle of  which  a  disc  of  aluminum  is  suspended 
by  two  spiral  springs  attached  to  the  extremi- 
ties of  the  tube.  The  air  enters  above  through 
a  number  of  inlet  openings  which  nearly  take 
up  the  whole  of  the  cross  section  of  the  tube. 
The  aluminum  disc  does  not  completely  bar 
the  passage,  and  an  annular  clearance  is  left 
between  the  disc  and  the  cylindrical  glass  walls. 
When  experimenting  on  the  breath,  the  clear- 
ance is  made  rather  wide — as  much  as  2.5  mil- 
limetres (0.1  inch) — not  to  obstruct  the 
ment.  When  more  powerful  air  currents  are 
breath,  which  is  very  sensitive  to  any  impedi- 
to  be  measured,  the  clearance  may  be  reduced 
to  0.5  millimetre  (0.02  inch)  and  the  sensi- 
tiveness of  the  apparatus  thereby  be  increased. 
The  instrument  is  empirically  gauged  by  means 
of  a  constant  air  current,  produced,  for  in- 
stance, with  the  aid  of  a  water- jet  pump  or  an 
electric  fan  or  blower ;  for  the  apparatus  an- 
swers both  for  suction  and  pressure  observa- 
tions. The  aerodromometer  itself  checks  the 
constancy  of  the  air-current  to  be  measured. 
The  deflections  of  the  disc  depend  upon  the 
velocity  of  the  air-currents  and  upon  the  ap- 
paratus and  its  dimensions. 

Using  a  tube  with  six  inlet  openings  aggre- 
gating 0.93  square  centimetre  (0.144  sq.  in.) 
and  a  clearance  of  0.44  square  contimetre 
(0.068  sq.  in.)  Zwaardemaker  observed  the 
following  deflections,  measured  in  millimetres, 
with  air  volumes  measured  in  cubic  centime- 
tres per  second  : 

1  millimetre 12   cubic   centimetres. 

2  23 

3  35       " 

4  46 

5  "  58       " 

io  "         86 

15  105'      " 

20  121       "  " 

30  154 

40  179 

50  200       " 

Further  tests  have  been  made  with  the  aid 
of  J.  T.  van  Have's  breath-volume  recorder. 
Two  of  these  latter  instruments  were  placed 
on  the  two  sides  of  a  pendulum,  2.3  metres  in 
length,  in  such  a  way  that  each  oscillation  of 
the  pendulum  sent  an  air-current  through  the 
Have  instrument,  which  recorded  the  air-vol- 
umes. Each  of  these  instruments  was  con- 
nected  with  an   aerodromometer,   whose   oscil- 


lations were  likewise  photographically  record- 
ed. In  this  way  two  synchronous  curves  were 
obtained :  a  volume  curve  of  the  sine  type,  and 
a  velocity  curve  of  the  cosine  type.  The  two 
curves  were  found  to  be  in  complete  accord, 
and  it  would  thus  appear  that  the  aerodromo- 
meter, which  is  made  by  the  firm  of  D.  B. 
Kagenaar,  sen.,  of  Utrecht,  is  suited  for  re- 
cording the  velocities  of  air-currents  alternat- 
ing in  direction  at  a  fairly  rapid  rate. 


SCRUBBING  BUILDING  FRONTS 

There  has  recently  been  adopted,  for  the  first 
time  in  Edinburgh,  a  new  method  of  cleaning 
and  renewing  the  frontage  of  buildings.  Hith- 
erto of  the  systems  employed,  that  of  wash- 
ing the  face  of  the  building  with  sandstone 
and  water  has  found  most  favour.  An  innova- 
tion is  now  being  carried  out  on  the  Union 
Bank  in  George  street  by  Mr.  W.  Forrest, 
builder,  Comiston-road.  A  double  process  of 
treatment  is  employed.  First  of  all,  the  face 
of  the  structure  is  cleaned  with  carborundum. 
Made  up  in  the  form  of  briquettes,  so  as  to  be 
suitable  for  handling  by  workmen,  it  is  applied 
by  rubbing  to  the  face  of  the  stone.  This  hav- 
ing been  done,  the  second  stage  of  the  cleaning 
operation  is  carried  out  in  the  application  of  a 
chemical  composition  named  "Lithoderm." 
This  substance  searches  the  inner  recesses  that 
may  have  been  missed  in  the  first  process,  and 
the  result  of  the  whole  is  to  give  to  the  build- 
ing thus  treated  a  fresh,  clean,  and  new  ap- 
pearance.    The  Quarry,  London. 

Can  it  be  that  these  good  people  have  never 
heard  of  the  sand  blast?  They  should  have 
seen  how  the  front  of  the  New  York  City 
Hall  was  cleaned  three  or  four  vears  ago. 


BLAUGAS 


The  rights  to  make  and  sell  Blaugas  in  Can- 
ada and  the  United  States  have  been  secured 
by  some  Americans  who  propose  to  build  a 
factory  near  Newark,  N.  J.,  where  ground  has 
been  secured.  The  company  was  formed  for 
the  purpose  of  taking  over  and  operating  the 
patents  of  Herman  Blau  of  Augsburg,  Ger- 
many, covering  the  production  and  liquefac- 
tion of  gas,  derived  from  crude  oil.  This  gas 
liquefies  under  compression  to  about  1-400  of 
of  its  original  volume,  and  is  then  introduced 
into  steel  flasks,  in  which  shape  it  is  distributed 
to  consumers.     A  committee  of  experts  recent- 
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]y  returned  from  Germany  where  they  made  a 
close  investigation  of  the  gas  arid  its  uses,  and 
their  report  is  commendatory.  Blaugas  is  com- 
ing into  general  use  abroad  for  all  purposes  for 
which  ordinary  gas  is  utilized.  Besides  its 
value  for  technical  purposes,  for  which  Blau- 
gas commends  itself  on  account  of  its  high 
calorific  properties,  which  make  it  valuable  for 
welding,  soldering,  and  the  like,  it  is  available 
for  many  uses  out  of  reach  of  ordinary  gas. 
In  this  direction  Blaugas  encroaches,  to  a  con- 
siderable extent,  on  the  field  now  exclusively 
enjoyed  by  electricity,  principally  in  the  matter 
of  decorative  effects.  This  comes  very  near 
encroaching  on  the  preserves  of  compressed 
acetylene  cylinders  now  so  largely  used  on  au- 
tomobiles. 


THE  BIGGEST  SEWER 

The  largest  sewer  in  the  world  is  in  St. 
Louis.  When  the  Harlem  Creek  sewer,  now 
in  process  of  construction,  is  completed,  this 
city  will  possess  a  sewer  with  a  large  section 
of  29  feet  diameter  and  smaller  sections  rang- 
ing from  27  to  18  feet  in  diameter,  the  main 
section  and  two  branches  measuring  over  four 
miles  in  extent,  and  the  whole  draining  more 
than  6,000  acres  of  land.  There  are  longer 
sewers  than  this,  and  there  are  drainage  sys- 
tems, not  sewers,  which  drain  much  larger 
tracts  of  land,  but  there  is  no  sewer  in  the 
world  that  combines  such  great  size  with  ex- 
tent of  area  drained,  and  there  is  no  city  drain- 
age system  in  the  world  that  in  any  way  com- 
pares with  it. 

The  Harlem  Creek  sewer  was  begun  July 
13,  1906,  and  Sewer  Commissioner  Fardwell 
expects  to  have  the  public  section  or  that  sec- 
tion running  from  Florissant  avenue  to  the 
river  completed  within  another  year.  The  en- 
tire system  will  probably  not  be  finished  for 
three  or  four  years  more,  and  all  the  connect- 
ing lines  will  not  be  laid  till  the  section  drained 
becomes  more  thickly  populated.  The  Harlem 
Creek  District  is  the  largest  drainage  area  in 
the  city,  and  that  is  why  such  a  large  sewer  is 
being  constructed.  Over  800  of  the  6,000  acres 
drained  are  outside  the  city  limits,  but  the 
character  of  the  land  is  such  that  its  drainage 
had  to  be  provided  for  in  planning  for  a  city 
sewer  in  the  district  adjacent  to  it.  The  nat- 
ural slope  of  the  ground  sends  all  the  water 
from    FTarlem    Creek    and    its    tributaries    into 


the  sink  followed  by  the  line  of  the  sewer,  and 
even  though  the  city  cannot  run  sewers  outside 
the  city  limits,  in  this  case  it  is  compelled  to 
take  care  of  the  drainage  of  a  large  section  of 
land  beyond  the  limits  in  order  to  protect  the 
sewer  area  inside  the  citv. 


DRILL  STEEL 


At  a  recent  meeting  of  the  Chemical,  Metal- 
lurgical and  Mining  Society  of  South  Africa 
Mr.  Lane  Carter  discussed  the  subject  of 
economy  in  drill  steel.  By  economy  was  not 
meant  false  economy.  Cheap  steel  is  usually 
the  most  expensive  in  the  long  run.  It  is 
much  better  to  get  a  good  quality  of  steel  even 
if  the  first  cost  is  high. 

By  sharpening  drills  underground  vast 
•economies  could  be  effected.  The  recent  ex- 
periments with  an  underground  electric  fur- 
nace show  that  this  point  is  recognized,  and  no 
doubt  the  difficulties  connected  with  it  will  be 
overcome  at  no  distant  date.  The  hoisting  of 
all  drills  to  the  surface  through  4,000  feet 
shafts  in  order  to  sharpen  them  is  absurd  on 
the  face  of  it.  A  problem  that  has  yet  to  be 
worked  out  is  the  question  of  the  relative 
merits  of  machine  sharpening  and  hand  sharp- 
ening of  drill  steel.  Mr.  Lane  Carter's  exper- 
ience is  that  hand  sharpening  pays  best.  It 
would  surprise  most  people  to  know  how  much 
drill  steel  is  lost  underground.  Kaffirs  and 
Chinamen  have  a  way  of  hiding  steel.  On 
every  mine  there  are  tons  of  steel  stored  away 
underground  and  lost  for  ever.  This  could  be 
remedied  by  treating  the  hand  men  in  the 
same  way  as  the  machine  men,  namely,  by 
giving  them  all  a  certain  number  of  drills  with 
a  distinctive  mark  and  making  them  responsi- 
ble for  them.  This  scheme  has  been  tried  on 
one  or  two  mines  with  great  success.  The  ini- 
tial expense  of  getting  out  sufficient  steel  is 
considerable,  but  the  saving  in  the  long  run 
is  enormous. 


NOTES 

The  Cleveland-Cliffs  Iron  Company  has  de- 
cided to  put  in  a  Gayley  dry-air  blast  plant  at 
its  Pioneer  No.  2  furnace  at  Marquette.  Mich 
The  work  will  be  begun  soon. 

The  Northwestern  Tron  Company  has  lately 
increased  its  capital,  and  has  begun  to  make 
extensive  improvement  in  its  mines  and  its 
furnace  at   Mayville,   Wis.     Among  these   im- 
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provements  will  -be  a  dry-air  plant  for  the  blast 
furnace. 


The  cost  of  pumping  water,  per  million  foot 
gallons  at  the  different  stations  of  the  Metro- 
politan ( Boston )  water  works  during  1907, 
was  as  follows :  Chestnut  Hill  high-service,  2.8 
cents;  Chestnut  Hill  low-service,  3.1  cents; 
Spot  Pond.  3.4  cents;  Arlington,  12.7  cents; 
West  Roxbury.  21  cents.  The  average  cost  at 
all  plants  was  3.20.  cents. 


A  large  pneumatic  tube  is  under  construction 
m  Chicago  between  the  Union  Stock  Yards 
postal,  station  and  the  offices  of  Armour  &  Co. 
This  tube  is  to  be  approximately  one-half  mile 
in  length,  20  in.  in  diameter  and  will  accommo- 
date a  carrier  holding  the  contents  of  an  or- 
dinary mail  pouch. 


'  Three  men  were-  killed  by  gas  in  the  hold  of 
the  wrecked  steamer  "H.  M.  Whitney."  of  the 
Metropolitan  Line.  Xew  York  to  Boston.  They 
had  been  working  on  the  vessel  for  a  month, 
raising  her  from  the  bottom  of  Hell  Gate 
Channel,  Xew  York  Harbor,  and  had  just  suc- 
ceeded. The  three  men  entered  the  hold  to 
examine  it  for  tightness,  but  they  failed  to  test 
the  air  before  they  went  in.  and  were  over- 
come before  thev  could  be  rescued. 


What  is  probably  the  shortest  railroad  ever 
built  was  put  in  in  Armstrong  county,  Pa.  It 
is  known  as  the  Pittsburg  &  Northeastern,  and 
is  owned  by  capitalists  of  Pittsburg  opposed  to 
the  entrance  of  the  Xew  York  Central  into  that 
territory.  The  tracks  laid  are  two  rail 
lengths  long,  the  rails  resting  on  12  ties  laid  in 
the  mud.  It  was  necessary  that  some  rail  lay- 
ing be  done  at  once  that  the  charter  be  kept 
alive.  The  new  line  claims  to  have  the  New 
York  Central  blocked   from   Pittsburg. 


"Blowing  up"  is  one  of  the  accidents  to 
which  deep-water  divers  are  most  liable.  When 
a  diver  is  crawling  on  the  bottom  with  his 
head  down,  air  may  accumulate  in  the  back  of 
his  suit,  and,  getting  to  his  legs,  cause  him  to 
turn  turtle  and  shoot  helplessly  upward,  with 
the  risk  of  coming  into  contact  with  a  ship's  or 
boat's  bottom.  To  prevent  such  accidents  the 
diving    committee    of   the    English    Admirality 


has  recommended  that  all  new  diving  suits  be 
provided  with  an  arrangement  for  lacing  up 
the  legs  and  thighs. 


A  Vacuum  Cesspool  Exhauster  in  which  the 
vacuum  is  created  by  a  steam-ejector  has  been 
placed  in  service  by  the  Epsom,  England,  Rur- 
al District  Council.  The  vacuum  tank,  which 
has  a  capacity  of  750  gal.,  is  made  of  galvan- 
ized steel  and  is  fitted  with  vacuum  and  level 
gauges.  After  the  vacuum  has  been  created  the 
inlet  pipe  is  put  down  into  the  cesspool  and  the 
valve  opened,  allowed  the  sewage  to  be  drawn 
into  the  tank.  The  tank  is  mounted  on  a  self- 
propelled  truck  containing  a  quick-steaming 
boiler.  The  traction  gearing  allows  of  speeds 
of  one  to  five  miles  an  hour. 


An  overlooked  factory  danger  has  been 
pointed  out  in  Germany  by  Prof.  M.  M.  Rich- 
ter,  who  has  found,. that  machinery  belts — es- 
pecially in  dry  air  and  when  rubbed  with  resin- 
ous substances — may  become  highly  charged 
with  electricity,  and  may  give  off  sparks  that, 
in  an  atmosphere  laden  with  dust  or  combusti- 
ble vapors,  may  produce  a  serious  explosion. 
A  five-inch  belt  running  over  a  wheel  making 
600  to  2.000  revolutions  a  minute  gave  off  a 
spark  one  to  one  and  a  half  inches  long.  Coat- 
ing the  belts  with  bronze  or  aluminum  powder 
proved  an  ineffective  preventive,  but  acid-free 
glycerin,  applied  once  a  week,  attracted  mois- 
ture, and  not  only  gave  security  against  static 
charges,  but  increased  the  life  of  the  leather. 


In  the  construction  of  the  Bank  of  Com- 
merce Building  at  St.  Louis  some  important 
problems  of  engineering  were  encountered. 
The  discovery  of  quicksand  underneath  the 
site  necessitated  resort  to  compressed-air  cais- 
son work,  with  the  result  that  the  caissons, 
and  consequently  the  foundations,  have  been 
sunk  to  solid  rock,  ranging  from  60  to  70  feet 
below  the  street  level.  During  this  work  it 
was  necessary  to  put  nine  caissons  under  the 
south  wall  of  the  building  on  the  north,  with- 
in which  heavy  machinery  closely  placed  made 
the  work  doubly  difficult,  though  it  was  ac- 
complished without  the  slightest  damage  to 
either  the  contents  or  wall  of  the  structure. 
The  latter  has  not  settled  a  particle,  though  the 
deep  boiler-rooms  of  the  adjoining  structures 
to  the  north  and  east  had  to  be  upheld  during 
the  process.     In  the  course   of  this   work   the 
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vault  foundations  were  placed  for  the  bank, 
being  heavy  monoliths  of  reinforced  concrete 
reaching  nearly  jo' feet  below  the  floor  of  the 
basement  of  the  bank.  These  rest  on  caissons, 
and  the  vaults  when  completed  will  be  three 
stories  high.  They  will  be  enclosed  in  the 
walls,  running  12  feet  below  the  water  level  of 
the  city,  and,  through  the  caissons,  will  rest 
on   solid   rock. 


Lime  cartridges  are  often  used  in  Europe  in 
powderless  coal  mining.  Pure  carbonate  of 
lime  ground  to  a  fine  powder  is  made  up  into 
a  cartridge  3  to  4V2  in.  long  with  a  groove  l/2 
in.  in  diameter  on  one  side.  An  iron  tube 
'2  in.  in  diameter,  and  perforated  on  the  upper 
side,  is  inserted  the  whole  length  of  the  bore 
hole.  This  tube  is  inclosed  in  a  calico  bag 
which  covers  the  perforations  and  one  end  of 
the  tube,  the  other  end  is  fitted  out  with  a  tap. 
The  cartridges  are  then  pushed  to  the  back  of 
the  hole  drilled  for  them  and  tamped  as  if  they 
were  gun  powder.  A  small  force  pump  is  con- 
nected with  the  tap  at  the  end  of  the  tube  by 
means  of  a  short  flexible  pipe,  and  water  equal 
in  bulk  to  the  quantity  of  lime  used,  is  forced 
in.  The  water  escapes  through  the  perfora- 
tions as  it  passes  along  the  groove  and  the  lime 
in  the  cartridge  is  saturated,  the  tap  is  closed 
steam  is  generated  and  the  combination  of  gen- 
erating steam  and  expanding  lime  brings  down 
the  coal. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  0/  any  patent  may 
be  obtained  by  sending  five  cents  {not  stamps)  to  the 
G>n  ii:«i-m'.r  of  Patents,   Washington,  D   (j.  . 

JULY    7. 

892,426.  AIR-SANDER.  William  Hughes, 
Beaver    Meadows,    Pa. 

892450.  PRESSURE  -  REDUCING  VALVE. 
Thomas  Robinson,  Low  Bentham,  England. 

892,561.  AUTOMATIC       AIR-BRAKE-PRES- 

SURE ADJUSTER.  Ulysses  S.  Smith,  Sac- 
ramento,   Cal. 

S92.573.  ACETYLENE-GAS       GENERATOR. 

Charles  W.  Beck,  New  York,  N.  Y. 

892.772.  HYDRAULIC  AIR-COMPRESSOR. 
Charles  H.  Taylor,  Westmount,  Quebec,  Can- 
ada. 

892,849.  DRILLING-MACHINE.  TUNNEL 

BORING  MACHINE.  John  P.  Karns, 
Boulder,   Colo. 

892.887.  PNEUMATIC  PIANO-PLAYER. 

Clarence   E.    Pryor,    Binghamton,   N.   Y. 

892,955.  APPARATUS  FOR  GAS  ANALYSIS. 
Carl  A.   Hartung,   Berlin,  Germany. 

JULY  14. 

392,974.      AIR-PUMP.      George   P.    Aborn,    Bos- 
ton,   Mass. 
1.   A  pump  having  a  cylinder  of  two  diameters, 

the   upper  larger  portion  forming  an  air  cylinder 


and  the  lower  smaller  portion  a  water  cylinder,  up- 
per and  lower  passages  for  admitting  air  and  wa- 
ter to  the  air  cylinder,  a  plunger  in  the  air 
cylinder  acting  to  open  the  air  passage  on  its 
down  stroke  and  the  water  passage  on  its  up 
stroke  for  the  admission  of  air  and  water,  and 
to  deliver  air  on  the  up  stroke,  and  a  smaller 
plunger  for  delivering  water  from  the  water 
cylinder  on  the  down  stroke. 

893,000.  VACUUM  CLAMPING  DEVICE  FOR 
STAVE  COLUMNS.  George  W.  Loggie,  Bell- 
ingham,   Wash. 

1.  A  vacuum  clamping  device  used  in  manu- 
facturing stave  columns  in  which  is  combined 
means  for  holding  a  number  of  staves  assembled 
in  columnar  form ;  means  for  hermetically  seal- 
ing the  ends  of  said  stave  columns ;  and  means 
for  exhausting  the  air  from  within  said  stave 
columns. 

893,033.       AUTOMATIC     SPRINKLER     APPA- 
RATUS.    Everett  L.  Thompson,  Dover,  N.  J. 
893,038.     AIR-PUMP  FOR  INFLATING  PNEU- 
MATIC TIRES.  Octave  Vadam,  Paris,  France. 
893,049.       VENTILATING    TUNNELS.       Henry 

Blackman,   New   York,   N.   Y. 
893,052.     WINDMILL.     John   A.   Carlson,  Chi- 
cago,   111. 
893,101.       CAN-TESTING     MACHINE.       Frank 
Rudolphi,   Chicago,   and  Charles  J.   Nelson, 
Maywood,    111. 
893,138.       PNEUMATIC      TOOL.       Herbert     A. 

Brockway,    Denver,   Colo. 
893,192.      HIGH-PRESSURE    GAS-PRODUCER. 
Edward  P.  Noyes,  Winchester,  and  Sidney  A. 
Reeve,  Worcester,  Mass. 
893.222.         HYDRAULIC       AIR-COMPRESSOR. 
Peter  Bernstein,  Mulhelm-on-the-Rhine,  Ger- 
many. 
893,261.        VALVE     MECHANISM     FOR     AIR- 
BRAKE APPARATUS.     Franklin  A.  Pierce, 
Wheeling,    W.    Va. 
893,296.  PNEUMATIC        IMPACT    -    TOOL. 

George  L.  Badger,  Quincy,  Mass. 
893,393.       MEANS    FOR    CONTROLLING    THE 
STROKE   OF   FLUID-OPERATED   PISTONS. 
Joseph   W.   Smith,   Portland,   Oreg. 

JULY  21. 

893,599.        HYDROCARBON-BURNER.        John 

F.  Barker,  Springfield,  Mass. 

1.  In  a  hydro-carbon  burner  having  in  com- 
bination, a  main  body  portion,  a  diaphragm  di- 
viding the  same  into  two  chambers,  a  barrel  por- 
tion connected  with  the  main  body  por- 
tion, a  spider  provided  with  passage-ways  and 
communicating  with  one  of  said  chambers,  noz- 
zles communicating  with  the  passage-ways  of 
the  spider,  and  a  plate  provided  with  conical 
shaped  openings  carried  by  the  barrel  and  into 
which  the  nozzles  project,  whereby  upon  the 
passage  of  the  hydro-carbon  liquid  through  the 
nozzles  and  atmospheric  air  under  pressure 
through  the  conical-shaped  openings  in  the  plate, 
the  liquid  fuel  will  be  atomized,  as  described. 
893,605.  WARNING-SIGNAL  FOR  AIR-BRAKE 

SYSTEMS.     Benjamin  Brill,  Jr.,  North  Bay, 

Ontario,   Canada. 
893,614.        ANGLE-COCK      FOR      AIR-BRAKE 

SYSTEMS.     James   Fallon,    North   Bay,   On- 

893,710'.  AUTOPNEUMATIC  MUSIC-PLAY- 
ING INSTRUMENT.  Walter  R.  Crippen, 
Cambridge,  Mass. 

893,712.  STARTING  DEVICE  FOR  EXPLO- 
SIVE-ENGINES. Julian  F.  Denison,  New 
Haven,    Conn. 

893,733.  AUTOMATIC  APPARATUS  FOR 
SUPPLYING  AIR  FOR  MANY  PURPOSES. 
William  Hooker,  South  Melbourne,  Victoria, 
Australia. 

893.851.  AIR-VALVE  FOR  AIR-COMPRES- 
SORS.    John  G.  Leyner,  Denver,  Colo. 

893.852.  AIR- VALVE  FOR  AIR-COMPRES- 
SORS.    John  G.  Leyner,  Denver,  Colo. 

893,854.  SUCTION  APPARATUS  FOR  PENU- 
MATIC  CLEANING  SYSTEMS.  William 
Locke,  Westfield,  and  Elias  B.  Dunn,  East 
Orange,    N.    J. 

893,899.        MOTOR     OPERATED     BY     LIQUE- 
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FIED    CARBON    DIOXID.      Georges    Brous- 

seau,   Agen,  France. 
893,913.     FLUID-COMPRESSOR.       Frank  Fel- 

binger,    Milwaukee,    Wis.,   and   Alexander   E. 

Cafmbyer,   Chicago. 
894,018.  AUTOMATIC        PRESSURE  -  CON- 

TROLLING   DEVICE.      William    F.    Krich- 

baum,    Newark,    N.    J. 
894,031.      AIR   AND  LIKE   PUMP.      Donald   B. 

Morison,    Hartlepool,   England. 

894.047.  GAS-ACTUATED  BLOWING-EN- 
GINE OR  COMPRESSOR.  Gustav  B. 
Petsche,    Phialdelphia,    Pa. 

894.048.  BLOWING-ENGINE  OR  COMPRES- 
SOR.    Gustav  B.  Petsche,  Philadelphia,  Pa. 


S94.056.  AQUARIUM  ATTACHMENT.  Henry 
A.  Rogers,  Pagosa  Junction,  Colo. 
The  combination  with  an  aquarium  tank,  of  a 
stand  pipe  secured  to  the  bottom  of  the  tank, 
and  communicated  with  the  tank  through  an 
opening  near  the  bottom  of  the  pipe,  said  pipe 
having  a  plurality  of  chambers  at  its  top,  the 
chambers  communicating  with  each  other  and 
with  said  opening  of  the  stand  pipe,  a  sub- 
stantially horizontal  pipe  leading  from  one 
of  said  chambers  and  discharging  into  the  tank 
above  the  level  of  the  water  therein,  a  pipe  lead- 
ing from  the  other  chamber  outside  of  the 
aquarium,  means  connected  with  the  last  named 
pipe  for  supplying  air  to  the  stand  pipe,  and  a 
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strainer    below   the    open    end    of    the    horizontal 

pipe. 

894,082.  GLASS-BLOWING  MACHINE.  Will- 
iam   S.   Teeple,   Wellsburg,   W.   Va. 

894,117.  PNEUMATIC  SUSPENSION  MEANS. 
James  H.  Clare,  Richmond,  Va. 

JULY  28. 

894,204.  RAILWAY  SAFETY  APPLIANCE. 
Michael  E.   Hogan,   Chicago,   111. 

S94.213.  ROCK-DRILL.  Henry  J.  C.  Key- 
mer.   Gorleston,   Great  Yarmouth,    England. 

894,272.  SAND-BLAST  APPARATUS.  Albert 
Jorn,   Jr..    Waukegan,   111. 

894,280.  ENGINEER'S  VALVE  FOR  COM- 
PRESSED -  AIR  -  OPERATED  DUMP-CARS. 
Thomas    R.    McKnight,   Aurora,    111. 

894,493.  PNEUMATIC  CUSHION  FOR  VE- 
HICLES. Edward  A.  Garvey  and  Christo- 
pher A.  Garvey,  St.  Louis,  Mo. 


894,546.  PNEUMATIC-ACTION  FOR  MU- 
SICAL INSTRUMENTS.  Edward  A.  Steel, 
Detroit,  Mich. 

S94.586.     PNEUMATIC  PUMP.     Albert  Brest, 

Vprrr       C3.Sl1G         Pfl 

S!t4,608.      AIR-BRAKE    SYSTEM.      William    T- 
Crumplbb  and  Joseph  L.   Crisler,   Pittsburg, 
Kans. 
894,677.       FIRE-EXTINGUISHER.       NORRIS     P. 
Matlock,    Chickasha,    Okla. 
1.   In  a  device  of  the  class  described,  a  reser- 
voir   containing    a    fire    extinguisher    liquid    and 
normally  communicating  with   the  main  pipe  of 
the  air  brake  system,  whereby  said  reservoir  is 
maintained  at  all  times  under  air  pressure  said 
reservoir   having   a   normally  closed   outlet. 
894,680.       PAINT-SPRAYER.       Hans    Mikorey, 

Schoneberg,    near   Berlin,   Germany. 
S94.689.        AUTOMATIC     PRESSURE-RETAIN- 
ING   VALVE    FOR    AIR-BRAKE    SYSTEMS. 
James   D.   Nichol,   Finley,  Wash. 
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A  NOVEL  PNEUMATIC  DREDGE 

California  is  the  land  of  the  gigantic  in 
many  things,  not  the  least,  perhaps,  of  which 
are  its  dredging  problems,  which  in  both  char- 
acter and  magnitude  challenge  the  resources  of 
the  modern  engineer.  Dredging  has  been  car- 
ried on  extensively  for  a  generation  and  has 
developed  high  efficiency  and  adaptability  un- 
der the  exacting  requirements. 

Immense  deposits  of  silt  have  accumulated, 
largely  due  to  hydraulic  mining  operations 
near  the  head  water  of  the  streams,  the  flood 


carrying  capacities  of  the  channels,  originally 
inadequate,  have  been  greatly  reduced  and 
many  miles  of  waterway  require  to  be  widened 
and  deepened,  the  work  entailing  also  the 
reclamation  of  over  a  million  acres  of  fertile 
lowlands.  Hundreds  of  millions  of  cubic 
yards  of  material  must  be  removed  to  re- 
store normal  conditions  or  to  secure  more 
desirable  locations,  and  the  values  so  created 
or  restored  will  warrant  enormous  expendi- 
tures. 

The  general  character  of  the  work  involved 
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is  not  only  the  lifting  of  the  submerged  ma- 
terial but  also  its  conveyance  to  a  consider- 
able distance  from  the  lines  of  excavation, 
for  the  forming  of  levees  which  shall  give 
sufficient  water  areas  and  restrain  future  en- 
croachments of  either  element  upon  the  other. 
The  clam  shell  and  dipper  dredges  have  been 
extensively  used  but  neiither  has  sufficient 
reach  to  deposit  the  material  as  required. 
The  efficiency  of  the  hydraulic  dredge  is  re- 
cognized, but  it  is  costly  to  instal,  to  operate 
and  to  maintain,  and  no  satisfactory  and 
economical  system  has  been  found  until  the 
advent  of  the  pneumatic  dredge  with  its 
special  ability  in  the  hoisting  and  conveying 
of  sand  and  other  loose  material  mixed  with 
water. 

Great  interest  is  felt  in  the  installation 
which  we  here  illustrate.  Tt  not  only  demon- 
strates its  high  efficiency  and  cheap  rate  of 
working  for  the  general  line  of  service  re- 
quired in  this  region,  but  in  this  case  in  ad- 
dition it  adapts  itself  to  a  special  condition 
of  working  which  all  other  known  devices 
were  compelled  to  decline.  This  dredge  is  now 
working  upon  its  second  contract  for  the 
City  of  Sacramento.  The  work  upon  which 
it  is  employed  is  the  excavating  of  a  lake  and 
the  filling  of  the  adjacent  low  grounds  with 
the  material  for  the  formation  of  a  public- 
park.  Although  it  was  required  to  fill  in  a 
large  surrounding  area  the  proposition  was 
not  an  unusual  one  and  seems  quite  simple  in 
the  telling  of  it.  The  material  to  be  excavat- 
ed, however,  was  found  to  be  a  stiff  clay, 
which  none  of  the  usual  dredging  apparatus 
could  handle,  and  not  a  bid  was  received  for 
the  work. 

It  was  found  that  the  stratum  of  clay  had 
a  nearly  uniform  thickness  of  28  feet  and  un- 
der this  was  sand  of  unknown  depth.  The 
operation  of  excavating  for  the  proposed  lake 
as  actually  carried  on  consists  in  taking  out 
the  sand  from  under  the  clay,  and  allowing 
the  latter  to  settle  down,  giving  the  depth  of 
water  required.  This  is  done  cheaply  and 
rapidly  by  the  pneumatic  dredge  shown  in  the 
half  tone,  Fig.  1.  Not  only  is  the  sand  raised 
as  required  but  it  is  discharged  at  various 
distances  up  to  1,500  feet  in  any  direction 
from  the  excavating  pipe,  thus  distributing 
over  a  large  area  and  bringing  the  surface  to 
a  predetermined  level. 

The   principle    of    operation    of   this    dredge 


is  that  of  the  row  familiar  air-lift  pump,  and 
all  the  conditions  essential  to  the  successful 
operation  of  this  device  are  present.  A  most 
imperative  condition  is  a  sufficient  submer- 
gence, and  this  the  nature  of  the  work  itself 
provides.  In  the  case  of  the  clamshell  or  the 
dipper  dredge  a  great  unbalanced  weight  of 
clipper  and  appurtenances,  greater  than  the 
load  of  -and  itself,  has  to  be  lifted  every  time, 
thus  more  than  doubling  the  power  required. 
In  the  case  of  the  air  lift  as  here  employed 
there  is  little  more  than  the  pipe  friction  to 
be   overcome    until    the    surface    of   the    water 


EDUCTION  PIPE    RAISED. 

is  reached,  and  the  principal  work  is  in  the 
lifting  of  the  material  to  the  height  above  the 
water  level  required  for  the  discharge.  This 
sufficiently  accounts  for  the  high  comparative 
economy    realized   by   the   apparatus. 

On  the  scow  or  barge  as  shown  there  are 
two  locomotive  boilers,  using  oil  for  fuel,  an 
air  compressor,  two  steam  pumps  for  water, 
a  hoist  and  an  A  frame  with  vertical  guides 
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for  the  eduction  pipe.  This  pipe,  10  inches 
in  diameter  and  50  feet  long  is  provided  with 
a  "head"  on  the  lower  end  about  four  feet 
long  and  eighteen  inches  in  diameter,  contain- 
ing sufficient  openings  to  admit  a  plentiful 
supply  of  water,  sand,  mud,  etc.,  when  in 
operation.  Two  inch  air  and  water  pipes 
plentifully  supply  the  head  with  air  and  water. 
These  are  carried  in  iron  pipes  to  about  one 
half  the  height  of  the  A  frame,  and  the  hose 
provides  a  constant  connection  whether  the 
eduction  pipe  is  up  or  down.  The  air  is  the 
lifting  force  and  water  is  used  only  for  the 
sinking  of  the  pipe  and  to  dilute  or  stir  up 
the  sand  to  a  suitable  consistency  for  trans- 
mission through  the  discharge  line. 

For  sinking  through  the  clay  the  pipe  is 
raised  and  dropped  like  a  pile  driver  ram,  the 
water  keeping  the  head  clear,  and  when  the 
clay  is  passed  through  the  sand  begins  to  be 
brought  up  at  once.  Fig.  2  shows  the  pipe 
raised  to  the  top  of  the  A  frame  and  its 
lower  end  clear  of  the  water.  Fig.  3  shows 
the  pipe  down  to  its  sand  lifting  position  and 
gives  an  idea  of  the  character  of  the  dis- 
charge. Pipes  are  still  to  be  coupled  to  the 
nozzel  to  deliver  the  sand  at  a  distance.  This 
pipe  should  be  level  or  descending  all  the  way 
from  the  lift,  and  spiral  piping  gives  the  best 
results. 

Owing  to  the  high  percentage  of  solid  mat- 
ter— sand,  silt  or  gravel — raised  it  was  found 
that  the  horizontal  transmission  for  long  dis- 
tances might  present  insurmountable  difficul- 
ties; but  trial  has  demonstrated  that  there  is 
no  trouble  in  forcing  the  water  and  sand  with 
the  original  pressure,  this  pressure  being 
slightly  greater  than  required  by  the  hydro- 
static head  at  the  submerged  depth.  In  free 
moving  sand,  silt,  muck,  etc.,  the  per  centage 
of  solid  matter  discharged  ranges  from  25  to 
50  per  cent.  In  the  operation  of  the  dredge 
here  shown  about  750  cubic  feet  of  free  air 
per  minute  was  required  at  a  gage  pressure 
of  20  to  25  pounds.  Three  men  did  all  the 
work  of  the  shift  and  with  two  shifts  from 
1,200  to  2,000  cubic  yards,  were  delivered 
per  day. 

It  is  suggested  as  an  important  advantage 
of  the  pneumatic  system  of  dredging  that  a 
dozen  or  more  dredges  could  be  operated 
from  a  central  compressing  plant.  In  this 
case  no  boiler  or  fuel  would  be  required  upon 


the    barges,    as    pumps,    hoists    and    all    would 
be  air  driven. 

Mr.  M.  A.  Nurse,  for  twelve  years  State 
Engineer  of  California,  says :  "I  feel  assured 
from,  my  wide  experience  in  dredging  and 
reclamation   work   in   the   State   of   California, 


DISCHARGE  OF  SAND  AND  WATER. 

that  the  pneumatic  dredge  is  the  simplest  and 
most  economical  method  of  handling  all  forms 
of  sand,  silt,  muck,  clinkers,  gravel  and  sedi- 
mentary deposits  which  can  be  loosened  by 
the  action  of  a  hydraulic  jet.  Sedimentary 
deposits  can  be  raised  from  any  depth  be- 
low the  water  level  and  transported  several 
hundred  feet  with  one  operation  and  at  a  cost 
which  will  allow  the  device  to  compete  with 
any  other  dredging  machine  now  in  use. 
Where  gold  values  are  found  in  sedimentary 
soil  the  pneumatic  dredge  will  prove  a  very 
efficient  device  for  gold  dredging.  It  will 
operate  in  many  cases  where  the  ordinary 
bucket   dredge   is   useless." 

For  the  photos  and  the  information  con- 
tained in  this  article  we  are  indebted  to  Mr. 
Elmer   E.   Corey,   of   Sacramento. 
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WOOD  PRESERVING  PROCESSES 

A  Primer  of  Wood  Preservation,  Forest 
Service  Circular  No.  139,  is  an  interesting  and 
important  addition  to  the  list  of  pamphlets 
issued  by  the  Department  of  Agriculture  for 
the  dissemination  of  practical  information 
bearing  upon  our  industries  and  resources. 

In  the  United  States  creosote  and  zinc 
chloric!  are  the  only  preservatives  in  common 
use.  Just  as  there  are  two  preservatives  in 
common  use,  so  there  are  two  principal  meth- 
ods in  injecting  them  into  the  timber.  These 
may  be  called  the  "pressure-cylinder  method" 
and  the  "open-tank  method."  A  third  process, 
known  as  the  "brush  method,"  is  used  to  a 
more  limited  extent. 

THE    PRESSURE    PROCESS. 

Up  to  very  recent  times  the  pressure-cylin- 
der   method    was    used    almost    exclusively    in 
the  United  States.     With  creosote  it  is  known 
as   the   Bethell  process,  and   with   zinc  chlorid 
the  name  of  Burnettizing  is  applied.     The  tim- 
ber to  be  treated  is  placed  on   iron  trucks  or 
"cylinder-buggies"   and   drawn   by   steel   cables 
into  huge  horizontal  cylinders,  some  of  which 
are   8   or   even   9   feet   in   diameter   and   more 
than    150    feet    long.      These    are    capable    of 
withstanding    high    pressure,    and    their    doors 
are     so    arranged    that,    after    the    timber    is 
drawn  in,  they  can  be  closed  and  heremetically 
sealed.      It    is    the    common    practice    in    this 
country — a    practice    with    long    experience    in 
Europe,  as  well  as  in  America,  has  proved  to 
be   unwise — to  treat  the  timber  before  it  has 
had  time  to  dry  out  in  the  open  air.     The  fol- 
lowing is  the  usual  method.     After  the  doors 
are    closed    live    steam    is    admitted    into    the 
cylinder,   and   a   pressure   of   about  20   pounds 
per    square    inch    is    maintained    for    several 
hours,  the  exact  time  depending  upon  the  in- 
dividual  opinion   of  the   operator,   as   well    as 
upon    the    moisture    content    and    size    of    the 
timber    under    treatment.      In    some   cases   the 
steam  pressure  is  allowed  to  go  considerably 
above  20  pounds,  but  there  is  constant  risk  of 
injurying  the   strength   of  the  timber.     When 
the  steam  is  at  last  blown  out  of  the  cylinder, 
the  vacuum  pumps   are   started   and  as  much 
of  the  air  as  possible  is  exhausted   from  the 
cylinder  and  from  the  wood   structure.     This 
process  also  continues  for  several  hours.    Fin- 
ally, after  the  completion  of  the  vacuum  per- 
iod, the  preservative  is  run  into  the  cylinder 


and  the  pressure  pumps  are  started  and  con- 
tinued until  the  desired  amount  of  preserva- 
tive fluid  is  forced  into  the  wood.  The  sur- 
plus preservative  is  then  blown  back  into  the 
storage  tanks,  the  timber  is  allowed  to  drip 
ior  a  few  minutes,  and  finally  the  cylinder 
doors  are  opened  and  the  treated  timber  is 
withdrawn. 

THE  OPEN-TANK   PROCESS. 

The  injection  of  the  preservative  by  the 
open-tank  process  depends  upon  a  different 
principle.  The  wood  is  first  thoroughly  sea- 
soned, and  much  of  the  moisture  in  the  cells 
and  intercellular  spaces  is  replaced  by  air.  If 
the  timber  is  peeled  soon  after  cutting,  and 
stacked  *  in  open  piles,  the  time  required  for 
seasoning  can  be  greatly  lessened.  The  sea- 
soned timber,  or  that  portion  of  it  which  is 
to  be  preserved,  is  immersed  in  a  hot  bath  of 
the  preservative  contained  in  an  open  iron 
tank.  This  hot  bath  is  continued  for  from 
one  to  five  or  six  hours,  depending  upon  the 
timber.  During  this  portion  of  the  treatment 
the  air  and  moisture  in  the  wood  expand  and 
a  portion  of  them  pass  out,  appearing  as  little 
bubbles  on  the  surface  of  the  fluid.  At  the 
end  of  the  hot  bath,  as  quick  a  change  as 
possible  is  made  from  the  hot  to  a  cold  pre- 
servative. This  causes  a  contraction  of  the 
air  and  moisture  remaining  in  the  wood,  and, 
since  a  portion  of  it  has  been  expelled,  a 
partial  vacuum  is  created  which  can  be  des- 
troyed only  by  the  entrance  of  the  preserva- 
tive. Thus  atmospheric  pressure  accomplishes 
that  for  which  artificial  pressure  is  needed  in 
most  of  the  commercial  plants.  Whether  the 
open-tank  or  pressure-cylinder  method  is  the 
more  desirable  depends  upon  the  particular 
conditions  of  each  case.  Both  methods  have 
their  particular  uses  and  neither  can  always  be 
wholly  substituted  for  the  other. 


Still  there  are  some  architects  who  are  so 
far  behind  the  times  that  they  do  not  know 
stone  can  be  had  cheaper  than  face  brick  in 
many  of  the  markets.  Time  was  when  cut 
stone  was  very  costly,  and  so  it  is  generally 
considered,  but  with  the  improvement  of 
equipment  for  the  cutting  shed  as  well  as  the 
quarry  [pneumatic  tools  especially,  Ed.  C.  A.] 
this  is  no  longer  the  case.  Richest  carving 
and  even  elaborate  designing  is  now  in  the 
reach  of  moderate  building  appropriations. — 
Rock  Products. 
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GOLD     MINING    AS    A    NON-SPECULA- 
TIVE BUSINESS  AND  AN  EXACT 
SCIENCE 

William  L.  Saunders,  President  of  the  In- 
gersoll-Rand  Compnay,  is  reported  as  follows 
by  an  interviewer  in  the  Wall  Street  Sum- 
mary : 

"The  gold  mining  interest  is  establishing 
new  high  records  of  production  at  low  costs 
of  operation.  The  numerous  remarkable  in- 
ventions, discoveries  and  improvements  in 
mining  which  have  marked  recent  years  en- 
able operators  to  extract  more  gold  per  ton 
of  ore  and  at  considerably  lower  costs.  These 
inventions  and  discoveries  and  the  many  im- 
provements in  the  administration  of  mines 
have  practically  added  billions  of  dollars  to 
the  estimated  valuations  of  our  mines  of  the 
various  metals.  Gold,  silver  and  copper  ores 
Avhich,  a  few  years  ago,  were  regarded  as  not 
worth  working,  are  now  eagerly  sought  for 
by  the  refining  interests.  Mining  is  some- 
what like  farming,  in  that  it  is  a  business  that 
can  always  find  quick  cash  markets  for  its 
products.  The  mining  interests  of  this  coun- 
try have  saved  all  of  us  from  what  looked  like 
a  long  period  of  commercial  depression,  as 
the  most  sagacious  financiers  saw  the  busi- 
ness prospect  last  year.  Our  gold  production 
has  exerted  a  most  powerful  energy  in  the 
uplift  of  the  industries  of  the  whole  country. 

"The  gold  production  in  the  United  States 
for  this  year  will  go  well  above  the  $100,000,- 
000  mark.  A  few  years  ago,  the  best  informed 
gold  miners  did  not  consider  it  within  rea- 
son to  predict  an  output  of  that  amount  be- 
fore 1915.  Notwithstanding  the  enormous  ex- 
pansion in  the  world's  production  of  gold, 
there  is  an  ever  growing  demand  for  it.  and 
the  price  year  after  year  is  stead}-  at  the 
value  of  a  fraction  more  than  $20  per  fine 
ounce. 

Within  a  short  time  I  was  with  a  party 
of  engineers  and  manufacturers  who  visited 
a  number  of  gold  mines.  We  saw  at  one 
camp  gold  ore  in  sight  to  the  value  of  $30,- 
000.000.  At  other  camps  in  that  region  we 
saw  almost  as  large  visible  supplies.  The 
quickening  of  business,  which  is  happily  go- 
ing on  throughout  our  land,  is  in  great  part 
due  to  the  tremendous  energies  of  our  mine 
operators,  who  kept  right  on  developing  and 
marketing  products  despite  the  stormy  financial 


skies  of  last  year.  Those  men  who  kept  right 
on  adding  enormously  to  the  resources  of  the 
country  demonstrated  practical  patriotism  that 
everybody  ought  to  appreciate. 

"Our  rapid  advance  in  gold  output  began  in 
1892.  There  was  a  temporary  setback  from 
1901  until  1904,  when  the  increase  in  gold 
production  was  $7,000,000  more  than  the  pre- 
vious year.  When  silver  mining  was  hard 
hit  a  few  years  ago,  croakers  said  that  the 
silver  interests  was  almost  destroyed.  But 
the  silver  mine  operators  were  made  of  sterl- 
ing metal.  They  went  right  ahead  and  en- 
gaged in  gold  and  copper  mining.  In  the 
case  of  Colorado,  where  years  ago  the  silver 
interest  was  far  and  away  the  largest,  the 
transfer  of  energies  to  gold  has  made  her 
gold  worth  much  more  than  her  silver  mining 
interest. 

Silver  mining  has  a  great  future.  The  great 
silver  using  countries  are  making  forward 
strides  in  population  and  in  increase  of  the 
purchasing  power  of  units  of  population.  The 
expansion  of  gold  production  is  helping  the 
silver,  copper,  lead,  iron  and  other  mining 
industries;  and.  in  fact,  is  stimulating  the  in- 
crease of  the  material  well  being  of  people  in 
all  lands.  Our  gold  mines'  ever  increasing 
production  is  a  powerful  factor  in  placing 
us  high  for  credit  in  foreign  money  markets. 
Increasing  gold  production  has  forever  laid  to 
rest  that  vexatious  question  which,  under 
various  guises,  pledged  us  for  years  under 
the  common  name  of  the  two  metals  currency 
question.  But  for  our  great  showing  as  own- 
ers and  operators  of  gold  mines,  we  could  not 
have  gone  ahead  and  adopted  the  gold  stand- 
ard, which  helped  us  in  the  borrowing  of  the 
immense  amounts  of  money  abroad  that  have 
been  put  to  profitable  use  in  developing  re- 
sources that  are  worth  billions  to  us.  Mexico, 
a  great  silver  producing  country,  adopted  the 
gold  standard  chiefly  to  advance  her  credit 
abroad.  That  object  was  accomplished  in  such 
volume  as  to  place  her  far  forward  in  the 
ranks   of   Nations   that   are   highly   prosperous. 

"It  is  remarkable  that  in  a  community  like 
New  York,  which  is  most  largely  engaged  in 
ordinary  merchandizing  at  very  small  profits, 
there  are  so  many  men  who  regard  mining  as 
a  speculative  business.  Mining  is  an  exact 
science  devoted  to  strictly  commercial  ends, 
and  it  is  by  far  the  most  profitable  business  in 
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the  world.  Speculation  is  a  very  small  factor 
in  mining.  No  other  interest  has  paid;  or,  is 
likely  to  pay,  so  well  upon  the  capital  in- 
vested as  legitimate  mining.  Compare  the  re- 
sults from  investments  in  railroads  for  many 
years  with  the  annals  of  sound  mining,  and 
it  is  easy  to  see  that  railroading,  in  compar- 
ison with  mining,  may  be  termed  a  specula- 
tive pursuit,  whereas  mining  has  made  a 
record  that  places  it  among  the  steadiest 
dividend-earners  known  in  modern  times. 
Mining  is  on  the  eve  of  a  great  forward 
movement  of  mine  improvement.  So  far  as 
I  know,  there  is  not  likely  to  be  a  setback  in 
the  recent  improvement  in  the  market  for 
mining    machinery. 

"Iron  cloth"  is  now  used  by  American 
tailors  for  stiffening  collars,  etc.  It  is  manu- 
factured from  steel  wool,  and  looks  like  horse- 
hair. 


OXY-ACETYLENE  WELDING 
AND  CUTTING* 

The  highest  temperature  of  the  best  solid 
fuel  furnaces  is  about  3,000  F.  The  oxy-hy- 
drogen,  which  was  the  hottest  of  the  gas 
flames,  is  something  less  than  4.000  F.  The 
oxy-acetylene  flame  jumps  this  temperature 
more  than  2.000  F.  to  about  6,300  F.,  being 
more  than  double  the  hottest  solid  fuel  heat 
known.  As  acetylene  produces  about  five 
times  more  heat  per  cubic  foot  than  hydro- 
gen, and  nearly  doubles  it  in  intensity,  a  mar- 
velously  powerful  flame  is  condensed  into 
very  small  volume.  Compared  to  the  oxy- 
hydrogen  flame,  it  is  like  a  finely-pointed  tool 
to  a  blunt  instrument.  With  such  a  tool,  hav- 
ing heating  power  from  two  to  three  times 
that  required  to  melt  the  commercial  metals, 
almost  increditable  results  are  obtained. 
Steel,  cast  iron,  aluminum,  brass,  copper  and 
other  metals  can  be  so  perfectly  united  that 
when  smooth  the  joint  cannot  be  discerned. 
Containers  for  fluids  and  liquids  can  be  made 
without  joints,  and  will  not  leak  when  bruised 
or  dented.  Blow-holes  and  other  defects  in 
iron,  steel,  brass  and  other  castings  can  be 
repaired,  not  only  saving  the  castings,  but 
many  times   expensive  machine  work  as  well. 


Quickly  repairing  broken  machines,  boilers 
and  steam  and  othei  piping  in  place  is  one  of 
the  most  valuable  features  of  this  process. 
Worn  parts  of  machinery  and  teeth  on  gear 
wheels  can  be  built  up ;  tool  steel  added  to 
common  steel  ;  dies  repaired,  and  numberless 
other  operations  accomplished  which  are  not 
possible  by  other  methods.  Not  only  similar 
metals  but  those  of  different  kinds  can  be 
perfectly  united. 

The  facility  with  which  steel  and  iron  (ex- 
cept cast  iron  )  can  be  cut  is  really  marvelous. 
The  operation  is  performed  by  heating  the 
metal  at  the  first  point  of  contact  to  the  red 
by  the  ordinary  welding  flame,  and  with  this 
flame  continued,  a  jet  of  pure  oxygen  is 
turned  on  which  unites  with  the  carbon  of 
the  metal  and  disintegrates  it  with  surpris- 
ing rapidity.  The  cut  is  narrow  and  smooth, 
with  no  material  injury  by  oxidation.  The 
cut  can  be  made  in  any  shape,  and  the  pro- 
cess will  be  found  very  useful  in  cutting  ir- 
regular forms,  and  will  be  valuable,  especially 
in  making  many  kinds  of  dies  and  in  fitting 
steel  plates.  It  is  very  effective  for  cutting 
steel  beams  in   structural  work. 

The  A.  Boas,  Rodrigues  &  Co.  torch,  known 
here  as  the  Davis-Bournonville,  has  been  im- 
proved in  design  and  construction  until  it  is 
now  practically  perfect.  All  of  the  author- 
ities have  given  2.5  parts  of  oxygen  to  1  of 
acetylene,  as  the  theoretical  quantities  re- 
quired, and  1.8  of  oxygen  to  1  of  acetylene, 
as  the  quantities  actually  used  in  practice. 
With  their  apparatus  and  torch  the  Davis- 
Bournonville  Co.  has  succeeded  in  securing 
a  perfect  welding  flame,  with  only  1.28  parts 
of  oxygen  to  I  of  acetylene,  not  only  effect- 
ing a  very  material  saving  in  the  cost  of  oper- 
ation, but  obtaining  better  results  as  well. 
An  imperfect  mixture  of  gases  is  not  only 
much  more  expensive,  but  an  excess  of  oxy- 
gen oxidizes  the  metal,  and  too  much  acety- 
lene carburets  it,  either  condition  being  ser- 
iously detrimental. 

The  table  on  the  opposite  page,  showing  the 
approximate  cost  of  cutting  and  welding  will 
be  of  interest  to  investigators. 


*From  a  paper  by  Augustus  Davis  before 
the  Chicago  meeting  of  the  International 
Acetvlene  Association. 


It  is  stated  that  the  Georgia  Marble  Com- 
pany, Tate,  Ga.,  throughout  the  recent  prer 
vailing  slackness  did  not  lay  off  any  men  nor 
cut  their  wages. 
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APROXIMATE   COST   OF  OXY-ACETYLENE   WELDING. 
Oxygen  at  three  cents— Acetylene  at  one  cent  per  cubic  foot.     Labor  30  cents  per  hour. 


Tip 

Number 

Thickness 
of  Metal 

Consumption 

of  Acetylene 

Per  Hour 

Consumption 
of  Oxygen 
Per  Hour 

Proper  Pressure 

In  Pounds  for 

Oxygen 

Lineal  Feet 

Welded 
Per  Hour 

Cost  **  Labor 
Per  Hour 

Total  Cost 
Per  Hour 

Cost  Per 
Lineal  Foot 

1 

s'i  to  ,", 

2.8  feet 

3.6  feet 

8  to  10  lbs. 

50  feet 

.30  cents 

.436 

.0087 

2 

A  to  j>, 

4.5     " 

5.7 

10  to  12  " 

30     " 

30     '• 

.516 

3172 

3 

fttoi 

7.5     •' 

9.7     " 

12  to  14   " 

25     " 

30     " 

.666 

0266 

4 

4  to  1 

11.7     " 

15.       " 

14  to  IS- 

16    " 

.30     " 

.867 

.054 

5 

*to  A 

18.       " 

23.       t 

IS  to  22  " 

10   •• 

.30     " 

1.17 

.117 

6 

A  to  ft 

25.       " 

32.       " 

20  to  25  " 

7     " 

.30     " 

1.51 

.216 

7 

h  to  i 

32.5     " 

41.5     " 

22  to  27  " 

5     " 

.30     " 

1.87 

.374 

8 

i  upward 

48.5    " 

62.       " 

24  to  30  " 

2.64 

APPROXIMATE   COST   OF   CUTTING   STEEL. 


Number 

Cutting 

Tip 

Use 
Weld.ng 
Tip  No. 

Thickness 
of  Steel 

Heating 
Jet.  Feet  of 
Acetylene 

Heating 

Jet.  Feet  of 

Oxygen 

Cutting 

Jet.  Feet  of 

Oxygen 

Pressure  of 
Oxygen  Heat- 
ing Jet 

Pressure  of 
Oxygen  Cut- 
ting Jet 

Lineal  Feet 

Cut 

Per  Hour 

Labor 
Per  Hour 

Total  Cost 
Per  Hour 

Cost  Per 
Lineal 
Foot 

1 

2 
3 

4 
4 

5 

up  to  i* 
i*  to  1}* 
H'up 

12 
12 
18 

15* 
15* 
23 

60 

75 
75 

14  to  18  lbs. 
14  to  18  " 
18  to  22  " 

125  lbs. 
125  to  150 
150  to  175 

60| 

50 
40 

30 
.30 
.30 

2.68 
3.13 
4.02 

.0447 
.0627 
.1005 

FUEL  COST  OF  POWER  AIR  HAMMERS 

The  use  of  compressed  air  for  driving  ham- 
mers in  blacksmith  shops,  boiler  shops,  etc., 
where  steam  has  usually  been  employed,  is 
rapidly  extending,  especially  in  Great  Britain, 
and  information  concerning  the  cost  and  other 
conditions  of  operation  is  welcome.  The  fol- 
lowing letter  to  The  Engineer,  London,  is 
from  Mr.  T.  Scott  King  and  it  speaks  with 
indisputable  authority  concerning  the  perform- 
ance of  the  X.  S.  K.  hammer  of  which  the 
writer  is  a  joint  inventor.  The  results  as 
given  in  the  tables  shown  are  actual  saving  in 
power  cost  when  operating  with  air,  and  the 
other  accompanying  advantages  should  make 
the  air  service  extremely  desirable  for  this 
purpose.     The  letter  follows  : 

Sir: — The  article  on  "Steam  vs  Compressed 
Air"  in  your  issue  of  April  17th  last  [see 
Compressed  Air  for  July,  page  4937]  based 
on  results  tabulated  in  Messrs.  B.  and  S.  Mas- 
sey's  steam  hammer  catalo-rue,  assumes  that  as 
there  is  no  gain  in  working  expansively  in 
steam  hammer  cylinders,  the  same  holds  good 
of  hammers  using  compressed  air,  and  under 
these  conditions  proceeds  to  demonstrate  that 
the  fuel  cost  of  operating  steam  hammers  is 
less  than  buying  electrical  energy  to  com- 
press air,  whereas  in  the  N.  S.  K. — Norris 
and  Scott  King — compound  pneumatic  ham- 
mer manufactured  by  Messrs.  Peter  Pilking- 
ton,    Limited,    Bamber    Bridge,    near    Preston, 


compressed  air  is  expanded  to  three  or  more 
volumes,  resulting  in  an  economy  of  50  per 
cent,  in  the  size  of  compressors  and  driving 
pi  iwer. 

It  is  not  necessary  to  refer  to  the  construc- 
tion of  this  hammer  except  to  state  that  air 
under  pressure  is  admitted  to  the  fixed  space 
formed  under  the  tup  piston  when  raised  to  its 
highest  working  position.  The  inlet  port 
to  the  striking  piston  is  then  opened  and  the 
air  flows  from  the  underside,  and  acting  on 
the  larger  area  is  expanded  in  accelerating  the 
falling  tup.  Reference  to  Tables,  1  ard  II. 
will  show  that  in  1,000  strokes  the  5  cwt. 
steam  hammer  has  a  displacement  to  atmos- 
phere of  1,258  cubic  feet,  as  compared  with 
86  r  cubic  feet  displacement  on  an  equal  size 
N.  S.  K.  compressed  air  hammer.  In  the 
Massey  statement,  steam  pipe  condensation  is 
allowed  for,  but  cylinder  losses  are  ignored, 
and.  being  the  greater,  vitiate  the  economy 
claimed  for  the  steam  hammer  to  a  very  seri- 
ous degree. 

Economy  in  the  use  of  steam  in  cylinders  is 
to  be  obtained  by  constant  running  at  high 
speeds  with  small  clearances,  reducing  the 
masses  of  metal  and  radiating  surfaces  to  a 
minimum,  superheating  the  steam  and  using 
a  high  ratio  of  expansion.  It  is  wisely  stated 
in  your  article  that  only  very  slight  expan- 
sive working  is  possible  in  steam  hammer 
cylinders,    for   undoubtedly   the   steam   hammer 
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is  working  under  best  conditions  when  ad- 
mitting steam  at  full  pressure  to  the  strik- 
ing cylinder.  The  every  day  working  condi- 
tions of  a  smithy  hammer  are  dead  against 
steam  economy,  for  the  power  agent  depends 
for  its  efficiency  upon  the  maintenance  of  a 
high  temperature,  whereas  the  work  is  in- 
termittent, leading  to  condensation  in  the  con- 
veying pipes  and  great  liquefaction  in  cold 
cylinders.  And,  further,  there  is  no  hope  of 
improving  the  economy  of  steam  hammers,  for 


full  pressure  is  reached,  and  although  the 
energy  of  the  blow  struck  is  determined  by 
the  falling  weight  and  average  pressure  act- 
ing on  the  piston,  an  increased  pressure  is 
thus  afterward  admitted  to  the  cylinder  use- 
lessly. 

This  loss  is  entirely  avoided  by  using  a 
fixed  ratio  of  expansion  in  the  N.  S.  K.  com- 
pressed air  hammer  when  striking  normal 
blows,  and  an  additional  inlet  port  is  provided 
for    striking    dead    blows,    which,    under    like 


Table  I.-  Fwl  Cod  of  Operating  Steam  Hammm,  Heavy 
Forge  -  Type. 

Condition  of  working       Non-expansively 

Nominal  catalogue  rating        ..     .' an^" 

Diameter  of  striking  piston     9ln- 

Diameter  of  piston-rod     '. fx^bi 

Area  of  striking  piston      63.62in. 

Net  lifting  area  of  piston 39. 86111. 

Stroke  of  tup,  full  stroke 1ft.  9in. 

Weight  of  falling  mass      560  1b. 

Working  pressure,  gauge °5  JJ»- 

Average  pressure  on  striking  piston 50  lb. 

Net  exhaust'displaceir.ent  to  atmosphere  of  striking  and 

lifting  pistons  in  1000  full  length  blows 1253  cub.  ft. 

Pressure  in  cylinder  wheir blow  has  been  delivered,  gauge    85  lb. 
Energy  in   foot-lb.   at  moment  of  impact,  1.75  (63.62 

x  50  +  560)       • 

Net  weight  of  steam  exhausted  from  the  striking  and 
lifting  cylinders  in  1000  full  length  bows ;  the  cylinder 
condensation  and  missing  quantity  being  taken  at 
100  per  cent,  to  allow  for  the  intermittent  character 
of  the  work  and  the  constant  losses  in  heating  up  a 

cold  cylinder,  valve  chest,  &c,  — —. ^ —     -   lb.   of 


6546.75 


4.33 


steam 


581.4 


Evaporative  duty  being  taken  at  5  lb.  of  water  per  lb. 
of  coal  to  cover  stand  by  losses  on  boiler  and  con- 
densation in  pipes  -~—  =   lb.   of  coal  necessary  to 
5 

to  strike  1000  full  length  blows rdi65 

Cost  of  coal  per  1000  blows  at  10s.  per  ton 6.23d. 

17s.  6d.  per  ton 10.9rJ., 

„  25s.  per  ton 15.575d. 


compounding  and  superheating  add  complica- 
tions without  compensating  gain.  There  is 
cue  feature  of  great  loss  in  striking  dead  or 
maximum  blows  non-expansively,  viz..  that 
during  the  fall  of  the  tup  at  high  velocity,  the 
air  or  steam  usually  conveyed  in  lengthy  pipes 
cannot  maintain  the  full  pressure  in  the  strik- 
ing cylinder,  and  consequently  there  is  a  con- 
siderable "drop"  between  the  average  pres 
sure  acting  i  1  the  striking  piston  and  the 
pressure  in  the  boiler  or  air  receiver.  The 
trouble,  however,  does  not  end  here,  for  when 
the  blow  has  been  struck  the  air  or  steam 
continues    to    Mow    into    the    cylinder    until    the 


extraneous  conditions,  gives  58  lb.  per  square 
inch  average  pressure,  against  49.8  lb.  per 
square  inch  when  admitted  through  the  usual 
single  inlet  port. 

A  comparison  of  Tables  I.  and  II.  shows 
that  when  supplied  with  steam  at  85  lb.  pres- 
sure generated  with  coal  at  ios  per  ton,  the  5 
cwt.  steam  hammer  costs  for  fuel  three  times 
as  much  as  the  N.  S.  K.  compressed  air 
hammer  working  non-expansively  and  5V2 
times  more  than  the  X.  S.  K.  when  used 
expansively  doing  equal  work. 

This  result  is  obtained  from  an  engine  us- 
ing producer  gas  and  giving  j\-2  brake  horse- 
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Table  II.— Fuel  Cost  of  Operating  N.S.K.  Compressed  Air 
Hwnwiers,  Heavy  Forge  Type. 


Conditions  of  working       Non-expansively 

Nominal  catalogue  rating        5  cw  t. 

Diameter  of  striking  piston     9j,in. 

Diameter  of  lower  differential  piston  . .     7|in. 

Net  striking  area  of  piston 47.17m. 

Net  lifting  area  of  piston 23.71in. 

Stroke  of  tup        1ft.  9in. 

Weight  of  falling  mass      ,     . .     791  lb. 

Working  pressure . .     85  lb.  sq.  in. 

Average  pressure  in  striking  piston     . .     58  lb.  sq.  in. 
Terminal  pressure  in  striking  cylinder 

after  blow  has  been  delivered     . .     . .     85  lb.  sq.  in. 
Net  displacement  of  striking  cylinder 
to  atmosphere  per  1000  full  length 

blows *•  •     •  •    861  cub.  ft. 

Net  displacement  in  terms  of  free  air  to 

atmosphere  per  1000  full  length  blows    5740  cub.  ft. 
Energy  in  foot-lb.  at  moment  of  impact : 

Non-expanding    1.75    (47.17    X    58         MI_-tIt 

+  791)  . .     =  6172  f  t-lb. 

Expanding  1.75  (47.17  x  24  +  791)  — 

Power  to  compress  6000  cub.  ft.  of  free 
air  per  hour  to  85  lb.  gauge  pressure 
in  compound  water-cooled  cylinders 
and  inter  cooler       ..     ....     . .     ••     10.75  ii.il.tr. 

Cost  of  compressing  air  as  f 

No.  of 
B.H.P. 
for  Id. 

U 
10 
12i 

15 


Expansively 
5  cwt. 
9^in. 
7|in. 
47.17in. 
23. 71  in. 
lft.  9in. 
791  lb. 
85  lb.  sq.  in. 
24  lb.  sq.  in. 

16  lb.  sq.  in. 

861  cub.  ft. 
1779.4  cub.  ft. 


=3365.25  ft. -lb. 


15.75  B.H. P. 


above,  with  producer 
gas  to  supply  hammers 
working  non-expan- 
sively and  expansively,  - 
as  described  and  cor- 
rected for  equal  work, 
viz.,  6546.5  foot-lb.  per 

Electrically-driven  compressor,  72  per  cent,  combined  efficiency  of  engjn 
and  generator. 


2.04d. 
1.53d. 
1.224d. 
1.02d. 


1.16 
.87 
.696 
.58 


Coal  burnt  per  I.H. P. 

Cost  of  coal  per  ton 

Index  mark    ABC 

Cost  of  compressing  air  as 
above,  with  electrically- 
driven  compressor  to 
supply  hammer  under 
sated  conditions,  and 
corrected  for  equal  work, 
viz.,  1000  -  6546.5  foot- 
lb.  blows 


2 
25s. 


Index 
mark. 

A 

B 

C 


3 
17s.  6d. 


5.68d. 

6.0d. 

4.5<kl. 


4 
10s. 


3.23 

3.4 

2.58 


. 


power  for  one  penny  per  hour.  In  taking 
out  fuel  costs  for  electrically-driving  com- 
pressors, the  cheap  coal  has  been  allocated 
to  the  less  economical  9team  plant  and  vice 
versa,  for  it  is  assumed  that  in  districts  where 
coal  is  dear  some  effort  would  be  made  to 
economise  by  the  use  of  more  improved  steam 
plant. 

One  thousand  full-weight  blows  with  the 
5  cwt.  steam  hammer  cost  6.23d.,  with  coal  at 
10s.  per  ton,  rising  to  i5-575d.,  with  coal  at 
25s.  per  ton,  whereas  with  electrically-driven 
compressor    the    N.    S.    K.    hammer    will    do 


equal  work  ranging  from  2.58/6d.,  according 
as  to  whether  the  air  is  used  expansively  or 
non-expansively. 

In  compiling  Tables  I.  and  II.,  the  compar- 
ison  is  based  on  piston  displacements,  for  the 
cylinder  and  port  clearances  of  the  air  and 
steam  hammers  are  approximately  equal.  The 
comparison  is  purposely  made  on  fuel  costs, 
for  usually  the  power  required  intermittently 
for  working  hammers  is  an  adjunct  to  a 
main  power  scheme,  and  the  capital  and  other 
charges  are  pertinent  to  the  major  rather  than 
to  the  minor. 
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Dead     Non-  Expanding     Blows 


Lifting  Piston 


Striking  Piston 


Full     Normal     Expflnd  i'n^      Bl 


lifting  Piston 


Striking  Piston 


I%"x9%"  Cyliners.  Nominal  5  Cwt  N.  S.  K. 

21"   Stroke.    Weight  of   Falling    Parts   7c.    Oq.    71. 

Scale  1-112.  Receiver  85  lbs. 


The  diagrams  A  and  B  are  taken  from  5 
cwt.  N.  S.  K.  hammer,  striking  dead  blows 
and  using  compressed  air  non-expansively 

The  diagrams  C  and  D  are  taken  from  the 
same  hammer  working  compound  and  striking 
normal  full-weight  blows  for  general  smith's 
work.  The  compressed  air  is  expanded  from 
100  lb.  pressure  absolute  down  to  31  lb.  abso- 
lute. The  rise  of  pressure  will  be  noted  at 
X  on  the  striking  card  B  and  its  absence  at 
ihe  terminal  of  expansion  on  Card  D. 


A  NOVEL  HYDRAULIC  AIR 
COMPRESSOR 

To  compress  air  by  the  direct  pressure  of 
water  to,  say,  85  lbs.,  gag'e,  which  is  about 
the  pressure  commonly  used  for  operating 
rock  drills  and  pneumatic  tools,  requires  two 
hundred  foot  head  for  the  water.  If  "water 
with  this  head  were  turned  directly  into  a 
tank  full  of  air  it  would  compress  the  air 
and  force  it  out  at  the  required  pressure,  but 
it  would  entail  an  enormous  waste  of  energy. 
The  volume  of  water  used  would  be  some- 
what in  excess  of  the  volume  of  free  air 
compressed.  The  loss  of  power  would  be  dis- 
tributed throughout  the  operation  of  com- 
pression until  the  terminal  pressure  was 
reached,  the  losses  being  greatest  at  the  be- 
gining  of  the  compression.  To  compress  the 
air  without  this  loss  of  the  potential  energy 
of  the  water  it  would  be  necessary  that  the 
water  pressure  should  be  only  sufficient  to  do 
the  immediate  work  or  to  overcome  the  pres- 
sure at  the  moment. 

The  compression  might  begin  with,  say,  only 
a  couple  pounds  of  water  pressure,  this  grad- 
ually increasing  to  16  lbs.  when  the  tank  was 
half  full  of  water,  to  46  pounds  when  it  was 
three  quarters  full,  increasing  thence  to  86  lbs. 
when  the  tank  was  85  per  cent,  full,  and 
then  this  full  water  pressure  continuing  until 
the  compressed  air  was  all  expelled  into 
the  receiver.  The  contact  of  the  water  with 
the  air  may  warrant  the  assumption  of  iso- 
thermal compression,  and  then  the  above  may 
be  taken  as  a  sketch  of  the  ideal  economical 
employment  of  water  as  the  agent,  and  the 
invention  here  to  be  spoken  of,  the  essential 
feature  of  which  will  be  understood  from  the 
cut,  undertakes  to  approximately  adjust  the 
water  pressure  to  the  varying  resistance  by 
intermingling  with  the  normal  supply  vary- 
ing proportions  of  dead  water  according  to 
the  varying  elastic  resistance  of  the  air. 

This  system,  for  which  a  U.  S.  patent  has 
been  granted,  is  the  invention  of  Mr.  George 
C.  MacFarlane,  Saginaw,  Mich.,  and  the  de- 
scription following  is  mostly  furnished  by  the 
inventor. 

A  nozzle  or  "monitor"  connected  with  a 
head  of  water,  produced  either  by  gravity  or 
by  a  turbine  pump,  is  mounted  under  an  air 
tank.  By  an  arrangement  of  a  shifting  cut- 
off nozzle  and  a  needle  valve,  the  stream  issu- 
ing from  the  monitor  sluices  in  enough  dead- 
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water  from  the  sump  to  reduce  the  velocity 
head  of  the  stream  entering  the  tank  to  corre- 
spond to  the  air  pressure  it  must  overcome. 
In  the  initial  stages  a  small  opening  of  the 
nozzle  sluices  in  a  big  stream  of  dead-water 
from  the  sump,  in  the  final  stage  the  needle 
valve  gives  a  full  opening  of  the  nozzle,  while 
the  cut  off  valve  shuts  off  all  or  nearly  all 
the  dead-water.  Of  course  in  a  case  where 
the  water  pressure  greatly  exceeded  the  air 
pressure  it  was  desired  to  maintain,  a  con- 
siderable amount  of  dead-water  would  have 
to  be  admixed  with  the  live  head  even  in  the 
final   stage  of  compression. 

The  cut  shows  the  operation  of  the  system 
when  using  a  gravity  water  pressure.  The  pipe 
head  passes  down  through  and  nearly  to  the 
bottom  of  the  air  receiver ;  from  the  receiver 
the  water  is  conducted  down  a  pipe,  through 
a  return  bend  and  up  into  the  nozzle,  whence  it 
is  periodically  admitted  into  the  compression 
chamber.  The  nozzle  is  opened  and  closed  by 
a  needle  valve,  and  a  vertically  moving  cut- 
off nozzle  regulates  the  amount  of  dead-water 
admitted  with  the  live  head.  Both  the  needle 
valve  and  the  cut-off  are  moved  up  and  down 
by  separate  pistons  operating  tandem  in  one 
reversing  cylinder ;  their  movements  being 
controlled  by  floats,  which  operate  a  two-way 
plug  controlling  valve,  to  admit  water  above  or 
below  these  pistons.  An  exhaust  valve  for 
quickly  emptying  the  tank  is  raised  by  the  up- 
ward movement  of  the  cut-off  nozzle,  the  re- 
ceding water  level  releases  the  float-operated 
dogs  and  permits  the  exhaust  valve  to  drop 
back  into  place  when  the  tank  is  nearly  empty. 
The  floats  that  move  the  controlling  valve 
work  in  pockets  and  give  a  quick  reverse  to 
the  valve.  The  cycle  of  operation  is  as  fol- 
lows : 

Starting  with  a  tank  full  of  air,  which  the 
receding  water  level  has  drawn  in  through  the 
inlet  ports  on  top  of  the  tank,  the  bottom 
float  being  down,  the  controlling  valve  directs 
the  feed  water  into  the  upper  port  of  the  re- 
versing cylinder :  this  shoves  both  pistons 
down,  lowering  the  needle  valve  and  cut-off 
nozzle.  As  the  water  flows  into  the  tank,  com- 
pressing the  air,  the  rising  water  level  raises 
an  auxiliary  valve  against  the  drain  holes  in 
the  upper  pocket,  and  no  water  can  enter  the 
upper  pocket  until  the  water  level  reaches  the 
top  of  the  pocket,  when  it  overflows  and 
quickly  throws  up  the  float,  reversing  the  con- 


trolling valve,  which  now  directs  the  feed 
water  into  the  lower  port  of  the  reversing 
cylinder.  Now  since  the  lower  piston  head 
rests  tight  against  the  lower  cylinder  head,  the 
force  of  the  water  is  expended  in  raising  the 
upper  piston,  which  closes  the  needle  valve ; 
near  the  end  of  this  up  stroke,  a  dog  nut  on 
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the  needle  valve  stem  engages  the  bottom  of 
the  hollow  rod  of  the  lower  piston,  raising  it 
enough  to  clear  the  lower  cylinder  port. 

The  lower  piston  now  catches  the  full  water 
pressure  and  the  cut-off  nozzle  and  the  ex- 
haust valve  are  raised.  As  the  tank  empties 
the  receding  water  level  releases  the  exhaust 
valve  dogs  permitting  the  valve  to  close;  the 
lower  float  also  drops;  reversing  the  control- 
ling valve,  and  beginning  a  new  cycle. 
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Each  cycle  would  require  ordinarily  about 
fifteen  or  twenty  seconds  to  complete,  and  a 
nearly  constant  air  pressure  would  be  main- 
tained in  the  pipe  line  throughout  the  cycle 
by  the  water  level  in  the  air  receiver  rising 
and  falling.  When  a  charge  of  air  was  shoved 
in  to  the  receiver  from  the  compressing  tank, 
the  water  level  would  be  lowered;  then  as  the 
air  flowed  into  the  pipe  line,  water  from  the 
pressure  main  would  flow  into  the  air  receiver, 
thereby  maintaining  a  nearly  constant  air  pres- 
sure. 

It  will  be  seen  that  this  compressor  is  sim- 
ple and  compact  in  design  and  should  be  con- 
structed and  installed  at  a  comparatively  low 
cost  per  unit ;  it  also  possesses  the  advantage 
of  high  mechanical  efficiency.  The  smooth 
lines  of  nozzle  and  cut-off  offer  very  little  fric- 
tional  resistance  to  the  inrushing  water,  very 
little  energy  is  needed  to  actuate  the  valve 
and  cut-off,  and  a  relatively  small  amount  of 
the  total  energy  is  lost  in  the  inertia  of  the 
water  discharged  from  the  tank. 

While  the  special  field  of  this  system  is  di- 
rect compression  from  natural  heads  of  two 
hundred  feet  and  over ;  it  can  also  be  used 
advantageously  in  conjunction  with  an  artifi- 
cial head  produced  by  a  multi-stage  turbine 
pump,  and  the  inventor  suggests  that  where 
the  prime  mover  is  a  steam  or  water  turbine, 
an  electric  motor,  or  a  line  shaft,  it  will  often 
be  more  convenient  and  economical  to  connect 
a  multi-stage  turbine  direct  to  the  power 
and  compress  by  this  system  hydraulically, 
rather  than  to  belt  or  gear  on  a  reciprocating 
compressor.  In  comparing  the  efficiency  of  the 
two  systems,  it  should  be  borne  in  mind  that 
the  hydraulic  system  requires  no  auxiliary 
pump  to  circulate  cooling  water,  exerts  a  uni- 
form resistance  on  the  driving  motor,  com- 
presses the  air  at  a  lower  temperature,  and 
the  air  delivered  is  drier  and  free  from  lubri- 
cating oil. 


COMPRESSED  AIR  IN  LAUNDRY 
WORK 

The  application  of  air  compressors  to  laun- 
dry work  has  invariably  been  successful,  and 
the  demand  for  them  for  such  service  is  in- 
creasing. Generally  speaking,  it  is  always  a 
two-pressure  service,  a  very  low  pressure  for 
use  with  gas  burners,  sprayers,  and  heated 
rolls,  and  a  higher  pressure  for  presses  used 
in  the  dampening  process. 


Two  laundries  may  be  taken  as  fairly  repre- 
sentative of  modern  practice  in  this  line,  and 
a  description  of  their  air  plants  are  as  fol- 
lows :  One  of  these  plants  makes  a  specialty  of 
hand  work,  having  about  50  hand-ironing 
boards,  and  four  rolls  of  ironing  machines. 
Each  ironing  board  is  provided  with  a  flat- 
iron  heater  and  connected  to  both  gas  and  low- 
pressure  air  supply.  By  properly  regulating 
the  admission  of  gas  and  air,  a  very  hot  blue 
flame  is  obtained  throughout  the  interior  of 
the  heater  and,  of  course,  this  flame  can  be 
adjusted  to  give  any  degree  of  heat  desired. 
Rolls  of  ironing  machines  or  mangles  are  sim- 
ilarly heated  by  jets  of  gas  and  air. 

All  of  the  above  devices  use  air  at  three  or 
four  pounds  pressure.  There  is  one  press,  the 
cylinder  of  which  is  8  inches  in  diameter  and 
24  inch  stroke.  It  is  vertical  and  supported 
by  columns  at  a  height  sufficient  to  allow 
trucks  with  boxes  about  two  feet  square  and 
three  feet  high  to  be  run  under  it.  After  the 
clothes  are  dampened,  they  are  placed  in  these 
box  trucks  until  the  box  is  nearly  filled.  A 
cover  is  then  placed  over  the  top  of  the  clothes 
and  the  truck  is  run  under  the  press.  The 
air  pressure  used  is  50  pounds. 

They  also  have  hose  connections  on  each 
floor,  connected  with  the  high-pressure  sup- 
ply, for  cleaning  out  their  motors  and  ma- 
chines. (All  machines  are  run  by  individual 
electric  drive.)  They  also  use  the  high-pres- 
sure air  for  blowing  whistles  on  each  floor  at 
the  time  of  starting  and  stopping  the  plant. 

Their  compressor  plant  consists  of  a  gl/z 
xiixio  inch  air  compressor  with  plain  air 
cylinder,  controlled  by  a  governor  set  at  55 
pounds,  and  mounted  on  the  end  wall  of  the 
building  on  the  second  floor.  Boiler  pressure 
is  100  pounds,  and  the  exhaust  is  used  for 
heating  the  building  and  feed  water.  The  air 
inlet  to  the  compressor  is  piped  through  the 
top  of  a  window  nearby.  The  air  is  dis- 
charged into  two  26^2x54  inch  reservoirs  cou- 
pled in  series.  Both  high  and  low  pressure  air 
lines  are  taken  from  the  second  reservoir,  a 
reducing  valve  controlling  the  low-pressure 
line. 

The  pipe  lines  run  along  the  walls  near  the 
floor,  and  under  the  floor  to  each  machine. 
The  ironing  boards  are  placed  mostly  along 
the  walls  at  .right  angles  to  them  and  con- 
nected to  both  air  and  gas  lines  directly  by 
small  rubber  hose.     The  size  of  air  pipe  lines- 
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varies  from  1  to  ^  inch,  the  size  being  re- 
duced at  intervals  as  the  distance  from  the 
compressor  plant  increases. 

The  free  air  consumed  by  these  various  de- 
vices cannot  be  stated  so  as  to  form  a  general 
rule,  since  different  operators  regulate  their 
gas  flames  differently.  But  it  is  noted  that 
when  about  20  or  25  ironing  boards  and  4  rolls 
were  in  continuous  operation,  the  pump  indi- 
cated a  consumption  of  from  16  to  20  cu.  ft. 
of  free  air  per  minute,  approximately. 

The  management  of  this  laundry  is  highly 
pleased  with  the  compressor  plant,  and  stated 
that  their  business  has  increased  20  per  cent, 
during  the  time  since  the  compressor  was  in- 
stalled, while  their  gas  bills  had  been  reduced 
20  per  cent,  by  the  introduction  of  compressed 
air,  or  a  saving  of  33  Yz  per  cent,  in  gas  con- 
sumption had  been  effected  by  this  means. 

The  other  establishment  mentioned  does 
general  laundry  work,  having  about  20  iron- 
ing boards  and  12  rolls.  (They  also  have  3 
or  4  mangles,  but  heated  by  steam.)  Their 
low-pressure  line  is  carried  at  33  pounds. 

They  have  two  presses,  one  5  inch  diameter 
by  18  inch  stroke,  and  one  8  inch  diameter  by 
24  inch  stroke.  These  presses  are  placed  on 
the  floor  and  press  upward;  the  patent  box 
trucks  are  not  used,  the  clothes  being  placed 
in  a  frame  that  is  a  permanent  part  of  the 
top  of  the  press.  When  the  frame  is  nearly 
filled,  pressure  is  turned  into  the  cylinder  and 
allowed  to  remain  there  for  about  half  an 
hour  till  the  clothes  are  ready  to  be  removed. 
Thus  the  operation  of  these  presses  occurs 
about  once  every  half  hour  during  the  entire 
day. 

They  are  also  using  high-pressure  air  in 
their  boilers  as  a  smoke  consumer.  This  air 
is  injected  by  jets  into  the  smoke  over  the 
top  of  the  fire,  the  idea  being  that  the  mix- 
ture of  air  and  fine  particles  of  coal  form  a 
combustible  mixture  which  burns  far  into  the 
tubes,  causes  less  deposit  in  the  latter,  in- 
creases the  steaming  power  of  the  boiler,  and 
allows  the  temperature  of  the  fire  box  to  be 
lower,  for  the  same  boiler  performance  and 
fuel  consumption,  besides  almost  entirely 
eliminating  the  smoke.  Their  high-pressure 
is  supposed  to  be  50  pounds,  but  when  operat- 
ing the  smoke  consumer  it  often  drops  to  35 
pounds. 

Their  air  plant  consists  of  one  9^2x11x10 
inch    air    compressor   with   plain   air    cylinder, 


controlled  by  a  governor  set  at  55  lbs.,  and 
mounted  on'  uprights  between  floor  and  ceil- 
ing of  their  power  plant  in  the  basement. 
The  boiler  pressure  is  90  lbs.  The  air 
suction  is  piped  to  an  open  basement  under 
an  extension  of  their  plant,  the  length  of 
suction  pipe  being  about  12  or  15  feet.  They 
have  100  feet  of  discharge  pipe  between  the 
pump  and  storage  reservoirs.  The  latter  are 
two  265^x54  coupled  in  series  with  a  reduc- 
ing valve  between  them,  so  that  one  reser- 
voir is  high  pressure  and  the  other  low  pres- 
sure. The  two  air  lines  are  taken  rrom  the  re- 
spective  high    and   low   pressure    reservoirs. 

With  the  entire  plant  operating,  except  the 
presses  (including  smoke  consumer),  the 
compressor  made  about  28  cubic  feet  of  free 
air  per  minute.  Without  the  smoke  con- 
sumer, it  made  about  half  that  amount. 

Another  use  for  compressed  air,  not  used 
'in  either  of  the  above  mentioned  laundries, 
but  installed  in  some  others,  is  the  mist  and 
spray  dampeners.  The  pressure  required  is 
only  a  few  ounces.  The  use  of  this  dampener 
is  not  continuous,  each  employe  starting  and 
stopping  it  for  his  own  use,  and  as  the  damp- 
ening process  is  very  quickly  performed,  the 
average  air  consumption  is  very  small. 

Compressed  air  is  so  useful  for  a  multitude 
of  other  purposes,  that  it  bids  fair  before  long 
to  become  a  recognized  necessity  for  all  well 
equipped  laundries. — National  Laundry  Jour- 
nal. 


MELTING  SNOW  IN  RAILROAD  YARDS 

One  of  the  most  serious  winter  tasks  in 
railroad  yards  in  winter  is  the  keeping  of  the 
switches  free  from  ice  and  in  operative  condi- 
tion. Snow  and  sleet  storms;  water  from  leak- 
ing locomotive  tanks,  overflow  from  injector 
pipes  and  engines,  drips  from  car  heating, 
and  water  from  train  lavatories  and  kitchens, 
emptied  into  the  switch  and  interlocking 
mechanisms  are  constantly  throwing  them  out 
of  service.  Various  schemes  have  been  pro- 
posed and  different  arrangements  have  been 
tried,  nearly  all  necessitating  extensive  and 
costly  installation  under  and  around  the 
switch  apparatus  and  after  all  being  liable  to 
give  out  when  their  services  were  most 
needed. 

During  the  past  year  a  new  system  of  snow 
melting  has  been  used  at  several  of  the  large 
terminals,  and  we  find  an  intelligent  sketch  of 
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it  in  a  paper  by  Mr.  James  S  Lang,  read  be- 
fore the  Railway  Signal  Association  of  Chi- 
cago. The  praticability  of  the  system  has 
been  demonstrated  during  the  past  three  win- 
ters at  one  of  the  busiest  terminals  in  the 
country,  with  the  result  that  delays  due  to 
snow  and  sleet  storms  have  been  almost  en- 
tirely eliminated. 

An  extremely  low  cost,  both  of  installation 
and  operation,  is  possible  on  account  of  the 
small  amount  of  apparatus  required  in  com- 
parison to  the  number  of  switches  protected. 
Instead  of  requiring  piping  or  permanent  ap- 
paratus for  each  switch,  several  switches  are 
handled  with  no  more  apparatus  than  is  neces- 
sary for  one,  and  nothing  that  might  in  any 
way  interfere  with  either  operation  or  the 
repair  of  switch  or  track  is  used.  Even  com- 
plicated and  busy  yards  may  be  taken  care 
of  by  the  regular  track  and  interlocking  forces 
without    any    extra   help    whatever.     The    sav- 


ative  of  the  ties.  At  night  the  light  given 
off  by  the  flame  by  rendering  the  forms  of 
men  visible,  lessens  the  danger  of  personal 
injury. 

One  of  the  first  steps  in  installing  this  sys- 
tem is  necessarily  the  installation  of  sufficient 
storage  capacity  for  the  liquid.  This  would 
vary  in  proportion  to  the  number  of  switches 
which  it  was  desired  to  keep  operative,  the 
average  severity  of  the  storms  and  the  facil- 
ities for  obtaining  the  fluid.  The  fluid  is 
obtainable  in  the  open  market  at  from  three 
to  five  cents  a  gallon,  and  may  be  obtained 
free  of  cost  by  railroads  operating  their  own 
Pintsch  gas  plant. 

At  one  plant,  where  this  system  has  been 
in  use,  the  tank,  having  a  capacity  of  several 
thousand  gallons,  was  connected  with  the  com- 
pressed  air  used  by  the  interlocking  system, 
and  when  about  10  lbs.  air  pressure  was  ad- 
mitted   to    the    tank,    the    liquid    was    forced, 


Hand  Cleaning  Yard  Switches. 
150  extra  men,  24  hours  each,  360  hours,  Cd>  20c.  . .  . .  .$720.00 

33  regu'ar  men  (including  foremen),  30  hours  each...    181.70 
Meals  :     150  men,  3  meals  each.  450  meals  ;  33  regular 
men,    3    meals   each,  99    meals ;     or   a    total   of    549 

meals,  @  20c 109.80 

$1,011.50 

Using  Snoiv   Melting  System. 
Xo  meals    (men  enabled  to  leave  for  meals). 
Xo  extra  men. 
Regular   men,    20    hours    each    (duration   of   storm    24 

hours,  absent  4  hours  for  meals). .  .  .$121.80 

Fvdrocarbon,   1,900  gallons  @  4c 76.00 

"  oidental  charges,  and  rentals,  which  might  regularly 

*e  charged  to  storm  in  question 66.60 

$264.40 

Saving  effected  in  one  storm $747.10 

COMPARISON  OF  COST8  OF  CLEANING  SWITCHES. 

ing  in   operation  by  this  method  as  compared       through  buried  piping,  to  the  several  drawing 

with  the   usual  method   of  hand  cleaning  will       outlets,  located  in  various  parts  of  the  yard. 

pav  the  entire  cost  of  installation   in  a  single 

I  The     storage    arrangements    may    therefore 

-r,  ,.■  r  .,  •  &    i.  j       vary  from  onlv  a  single  200  gallon  iron  drum, 

the   melting  of  the   snow  or  ice   is   effected  -  -      ,        .  , 

,  ,  ■  a      •        a   -j      L-  1  elevated    upon    blocking,    where    only    a    few 

bv   applying  to   it   a   flaming   fluid   which   con-  .  ^  ,  '     ■  . 

,  ...      .       .u  1  •  switches  are  to  be   looked  after,  to  a  tank  01 

tinues    to    burn    while    in    the    snow,    melting  . 

.  c  „n  .•        .1  ..  r       several   thousand  gallon   capacity   feeding  var- 

and  finally  evaporating  the  greater  portion  of  .... 

•  ,      T,        ,  .         c  .,      a   -j  ■  u  lL  j.  .l         'Oils    lines    of    underground    piping,    in    yards 

it.      I  he  character  of  the  fluid  is  such  that  the  ,         &.         .    .         .      .  , 

a  „  -,  ,  ,,  ,  ..  ,        where    the    number    of    switches    is    large    and 

flame   is   easily   maintained   regardless   of  high  .  ... 

•    ,  ,  .;.  •  the   territory  extensive,  or  where   it   is   mcon- 

winds  or  drifting  snow. 

~.       a    ■  ,    •  ,•    .    ,       ^,  ,  ,        venient    or    dangerous    to    cross    tracks;     or 

I  he    fluid    is    applied    by    the    regular    track  to  . 

r  .  c  r  .       ,.  .  .,    .  where  there   is  no  convenient  nearby   location 

force   by   means  of   a   safety   distributing   can, 

and  the  height  and  extent  of  the  flame  can  be  °    a 

regulated   with   ease.      No   injury  to   track   re-  The   supply    stations   for   the   distribution   of 

suits,   as    the   temperature   of   the   rails   is   not  the  fluid  are  provided  with  safety  self-closing 

raised    to    the   usual    summer    heat,    while    the  faucets,   and   drawing  gages  which   enable  the 

fluid,  being  a  hydrocarbon,  acts  as  a  preserv-  operator    to    readily    tell,    when    the    cans    are 
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being  filled,  how  much  fluid  they  contain,  and 
how  much  is  being  used. 

The  table  gives  data  derived  from  experi- 
ence in  a  storm  occurring  during  the  past 
winter  at  one  of  the  busiest  yards.  In  com- 
parison with  the  results  obtained  by  the  hy- 
drocarbon system  is  given  a  careful  estimate 
of  corresponding  cost  of  hand  cleaning,  based 
upon  the  experience  of  previous  years  and 
corresponding  snowfall. 

This  severe  storm  was  taken  care  of  with- 
out a  single  delay  chargeable  to  snow,  and 
switch  failures  were  less  than  one  per  cent, 
of  the  usual  number. 


LIQUID  AIR  AND  THE  PRODUCTION 
OF  OXYGEN 

The  voluminous  judgment  of  Lord  Justice 
Fletcher  Moulton  in  the  case  of  the  British 
Liquid  Air  Company  vs.  the  British  Oxygen 
Company,  Limited,  comprised  among  other 
things,  a  dissertation  on  the  history  and  prac- 
tice of  the  production  of  oxygen  from  the  air 
by  mechanical  means,  which  was  summarized 
in  a  recent  issue  of  the  Engineers,  London, 
and  which  summary  is  here  presented  in  a 
more  condensed  form. 

The  phrases  "partial  co-operation,"  "frac- 
tional evaporation"'  and  ''fractional  distilla- 
tion," accurring  frequently  in  the  evidence 
and  argument  have  first  to  be  defined.  Evap- 
oration is,  of  course,  the  change  of  liquid  into 
vapor;  that  is  from  the  liquid  into  the  gas- 
eous form.  Distillation,  etymologically,  is  the 
separation  or  recalling  of  the  liquid  from  the 
form  of  vapour  to  its  original  state  by  means 
of  condensation.  By  usage,  however,  dis- 
tillation has  come  to  mean  the  whole  opera- 
tion of  evaporation  and  subsequent  condensa- 
tion. When  the  liquid  operated  on  is  a  mix- 
ture of  components  differing  in  volatility,  the 
more  volatile  component  will  be  the  more 
esaily  evaporated,  and  the  resulting  vapor  will 
be  richer  in  it  than  was  the  original  mixture. 
If.  then,  this  vapor  be  condensed,  the  result- 
ing liquid  will  still  be  a  mixture  of  the  two 
original  components,  but  will  be  much  richer 
in  the  more  volatile  component  than  the  ini- 
tial mixture.  This  operation  is  known  as 
"fractional  distillation,"  and  it  is  affected  by 
"fractional  evaporation"  followed  by  condens- 
ation. It  is  evident,  however,  that  the  orig- 
inal liquid  gets  weaker  and  weaker  in  the 
more   volatile   component   as   the   operation    is 


continued,  and  if  it  is  desired  to  get  as  strong 
a  resulting  mixture  as  possible  the  operation 
must  not  be  pushed  too  far,  or,  in  other 
words,  the  original  liquid  must  only  be  par- 
tially evaporated.  "Partial  evaporation," 
therefore,  is  practically  synonymous  with 
"fractional  evaporation"  when  it  is  used  in 
connection  with  the  process  of  distillation. 

In  the  progress  of  the  case  upon  which  this 
judgment  was  rendered,  considerable  confu- 
sion had  arisen  through  the  use  of  the  word 
"pure"  as  applied  to  gases  separated  by  the 
various  types  of  apparatus  under  considera- 
tion. This  was  not  to  be  wondered  at.  The 
apparatuses  in  question  were  producing  on 
a  commercial  scale  a  product  which  was  suf- 
ficiently free  from  admixture  to  be  practically 
and  commercially  equivalent  to  the  chemically 
pure  article.  Of  course,  for  scientific  reasons, 
absolute  purity  could  not  be  looked  for  with 
any  such  processes  as  those  involved,  and 
from  the  evidence  it  appeared  that  98  per 
cent,  was  the  purity  which  could  be  obtained 
by  careful  working,  and  this  should  be  borne 
in  mind  whenever  the  word  "pure"  is  applied 
to  such   products. 

The  subject  matter  of  the  inventions  witH 
which  the  case  deals  are  of  the  greatest  in- 
terest. They  relate  to  the  first  commercial 
application  of  the  scientific  advance  that  hae 
been  made  during  the  last  quarter  of  a  cen- 
tury in  obtaining  extreme  cold.  The  names 
which  occurred  in  the  evidence  were  of  those 
who  were  the  pioneers  in  this  advance — Raoul 
Pictet,  Cailletet,  Dewar,  and  Linde.  The  first 
two  shared  the  honour  of  being  the  first  to 
liquefy  air ;  Dewar  was  the  first  to  obtain 
liquid  air  in  substantial  quantities,  and  was 
the  first  to  liquefy  hydrogen;  Linde.  by  his 
inventions  of  1895  and  1902,  had  made  what' 
seemed  to  be  the  two  most  important  contri- 
butions to  the  practical  utilization  of  these 
low  temperatures.  It  had  been  long  known 
that  when  compressed  air  was  used  to  do  ex- 
ternal work  there  was  a  great  fall  in  temper- 
ature. It  had  also  been  shown  by  Sir  Wil- 
liam Thomson  and  Mr.  Joule  that  if  com- 
pressed air  were  allowed  to  expand  without 
doing  external  work  there  was  some  fall  of 
temperature,  due  to  the  fact  that  internal 
work  must  be  done  in  such  expansion.  Linde 
was  the  first  to  recognise  that  this  cooling 
effect  be  increased  very  rapidly  as  the  temper- 
ature   fell,    and    he   used    it    to    make    a    most 
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practical  and  effective  air-liquefying  appara- 
tus. Air  was  compressed  to  a  very  consider- 
able pressure.  This  raised  its  temperature. 
It  was  then  cooled  by  letting  it  flow  through 
coils  immersed  in  water.  It  was  then  passed 
through  the  inner  pipe  of  a  coil  of  double 
metal  piping,  that  is,  a  coil  constructed  of  a 
pipe  which  itself  contained  an  inner  metal 
pipe  having  the  same  central  line.  This 
double  pipe  at  its  further  end  communicated 
with  a  closed  vessel,  the  end  of  the  outer  pipe 
opening  freely  into  it,  but  the  end  of  the 
inner  pipe  being  provided  with  a  stop-cock 
to  regulate  the  rate  of  escape  of  the  com- 
pressed air  into  the  closed  vessel.  The  other 
end  of  the  outer  pipe  communicated  freely 
with  the  atmosphere.  On  its  admission  into 
the  closed  vessel  the  compressed  air  expanded 
and  fell  in  temperature.  As  it  passed  away 
to  the  atmosphere  through  the  outer  tube  it 
cooled  the  air  in  the  inner  tube.  This  cooling 
of  the  compressed  air  caused  the  cooling  ef- 
fect of  its  expansion  to  become  greater.  The 
refrigerating  effect  continued  to  increase  until 
at  length  the  cold  became  so  intense  that  a 
portion  of  the.  incoming  air  liquefied  and  col- 
lected in  the  vessel.  He  thus  obtained  a  con- 
tinuous process  for  producing  intense  cold, 
and  thereby  liquefying  gases  by  "countercur- 
rent-interchangers" — as  the  •  arrangement  is 
called — which  process  is  of  great  practical 
value. 

Linde,  however,  did  not  only  aim  at  the 
production  of  liquid  air,  for  which  there  is  no 
great  commercial  demand.  What  he  did  hope 
to  do  was  to  obtain  substantially  pure  oxy- 
gen from  the  liquid  so  produced.  In  this  he 
relied  on  the  fact  that  nitrogen  is  more  vola- 
tile than  oxygen,  and  hoped  that  it  would 
volatilise  more  quickly  than  the  oxygen,  till 
practically  all  of  it  was  gone  and  only  oxygen 
remained.  When  Linde  took  out  his  1895 
patent  he  overrated  the  efficiency  of  this 
method.  It  is  quite  practicable  to  get  a  rich- 
ness of,  say,  60  per  cent,  of  oxygen  in  this 
way,  but  when  the  process  is  carried  further 
so  much  oxygen  itself  comes  off  that  by  the 
time  the  required  purity  is  attained  so  little 
"pure"  oxygen  remains  as  to  render  the  pro- 
cess useless  for  commercial  purposes.  His 
1902  patent,  however,  which  has  since  been 
acquired  by  the  defendants,  enabled  him  to 
manufacture  successfully  and  commercially 
substantially  pure  oxygen. 


Fig.  1  is  from  the  Linde  patent  of  1902. 
Compressed  air  cooled  by  counter-current-in- 
terchangers  is  conducted  to  the  lower  cham- 
ber of  the  vessels.  This  lower  chamber  is 
separated  from  the  upper  part  of  the  vessel 
by  a  tube  plate  forming  the  support  for  num- 
erous metal  tubes,  which  are  closed  at  their 
upper  ends — so  that  there  is  a  flow  of  air  into 
but  not  through  them — and  which  project  into 
the  upper  portion  of  the  vessel  ^.  This  upper 
portion  is  full  of  a  liquid  which  contains 
about  98  per  cent,  oxygen  and  2  per  cent,  ni- 
trogen. This  liquid  is  practically  at  atmos- 
pheric pressure  because  the  vessel  is  open 
at  the  top  and  the  space  in  which  it  is  en- 
closed is  in  free  communication  with  the  at- 
mosphere through  the  outer  coil  of  the 
counter-current  interchange^  the  coils  of 
which  are  arranged  to  form  close  walls  round 
the  space  in  which  the  vessel  s  is  situated,  so 
that  it  is  insulated  from  the  air  and  surround- 
ing objects,  and  car  be  kept  at  a  sufficiently 
low  temperature  to  permit  the  mixture  in  it 
to  remain    liquid. 

The  action  of  the  apparatus  is  as  follows : 
— The  compressed  and  cooled  air  enters,  as 
has  been  said,  into  bottom  part  of  the  ves- 
sel s,  and  in  doing  so  fills  the  tubes  above 
referred  to.  These  being  surrounded  by 
liquid  oxygen  at  atmospheric  pressure,  a  tem- 
perature is  produced  which  is  sufficiently  low 
to  liquefy  the  air  in  them,  and  the  resulting 
liquid  falls  into  the  receptacle  below  the  tubes. 
As  time  goes  on  such  a  quantity  of  liquid 
collects  that  it  is  forced  by  the  pressure  of 
the  incoming  air  up  the  pipe  on  the  right- 
hand  side,  which  is  provided  with  a  stop- 
cock, and  which  communicates  with  the  top 
of  r.  This  is  what  is  known  as  a  rectifying 
column,  and  it  contains  a  quantity  of  glass 
balls.  The  liquefied  air,  which,  it  will  be  re- 
membered, has  already  had  its  temperature 
reducted  to  that  of  boiling  oxygen  in  the  bot- 
tom of  the  vessel  s.  as  it  is  delivered  at  the 
top  of  the  rectifying  column  r,  suddenly  has 
its  pressure  reduced  to  that  of  the  atmosphere. 
Tt  is  accordingly  very  much  cooled,  and  in 
this  condition  it  falls  down  among  the  glass 
balls,  up  through  which  there  is  continually 
rising  the  vapor  of  the  practically  pure  oxy- 
gen contained  in  the  upper  part  of  the  vessel 
s.  The  consequence  is  that  the  comparatively 
warm  oxygen  vapors,  which  start  at  a  tem- 
perature of  about  91    deg.   absolute,  meet  the 
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cold  liquid  air,  which  starts  at  a  tempera- 
ture of  about  78  deg.  absolute,  and  as  the 
two  meet  among  the  glass  balls  "an  infinitude 
of  small  partial  evaporations  take  place,  in 
all  of  which  the  more  volatile  element  nitro- 
gen has  the  preference  and  rises  as  a  gas, 
and  the  less  volatile  oxygen  condenses  and 
falls   as   a   liquid."     The   consequence    is    that 


FIG.   I. 

most  of  the  nitrogen  escapes,  carrying  with 
it  a  small  proportion  of  oxygen,  and  by  the 
time  the  oxygen  reaches  the  vessel  j  it  has 
got  rid  of  all  but  about  2  per  cent,  of  its  ni- 
trogen. As  a  result  the  strength  of  the  liquid 
oxygen  in  s,  though  the  amount  of  the  liquid 
is  continually  increasing,  remains  at  about 
98  per  cent,  when  the  apparatus  is  in  full 
work.  The  vessel  j  overflows  into  the  ves- 
sel t,  and  the  gas  evaporated  from  that  ves- 
sel   is    commercial   oxygen. 

When  dealing  with  the  novelty  of  em- 
ploying a  rectifying  column  in  the  process  of 
separating  oxygen  from  a  mixture  of  oxygen 
and  nitrogen,  Lord  Justice  Moulton  thought 
it  was  not  a  mere  transplanting  an  old  device 
to  another  soil  more  or  less  analogous,  but 
that  there  had  to  be  inventive  preparation  of' 
that  soil  before  successful  transplantation 
could  take  place  at  all.  His  reasons  for  this 
view  were  given  at  some  length,  but  we  need 


only  say  that  in  his  opinion  Linde  had  made 
the  entering  stream  of  compressed  and  cooled 
air  play  the  double  role  of  the  boiler  fire  and 
cold  wash  in  the  Coffey  still.  He  had  done 
this  by  availing  himself  of  the  intense  volatil- 
ity of  the  materials  with  which  he  was  deal- 
ing, which  enabled  him  to  make  them  change 
their  state  by  variations  of  both  pressure  and 
temperature.  So  far  from  his  success  being 
due  to  the  new  circumstances  being  analog- 
ous to  those  of  the  Coffey  still,  he — Lord 
Justice  Moulton — considered  that  Linde's  in- 
vention was  based  on  their  being  different. 
He  had  not  succeeded  not  only  in  spite  of 
these  differences,  but  because  of  them..  To 
say  that  no  invention  was  required  to  achieve 
this  was  to  his — the  judge's — mind  absurd. 


FIG.  II, 

The  defendant's  machine  described  above 
was  then  compared  with  that  of  the  plaintiff, 
sketched  in  Fig.  2.  The  compressed  air  here 
enters  at  a,  after  having  been  cooled  by  the 
emergent  gases  in  counter-current  inter- 
changers,  as  in  Linde's  invention.     These  in- 
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terchangers  are  not  shown  in  the  engraving, 
but  are  admitted  to  be  essential  to  the  work- 
ing of  the  machine.  The  plaintiffs  thus  make 
use  of  the  first  three  essentials  described  in 
Linde's  patent.  The  cooled  and  compressed 
air  is  led  into  the  lower  chamber  of  a  vessel 
K,  corresponding  to  the  vessel  ^  in  Linde's 
apparatus  both  in  position  and  function.  This 
lower  chamber  is  separated  from  the  upper 
part  of  the  vessel  by  a  tube  plate  forming 
the  support  for  numerous  metal  tubes  which 
project  into  the  upper  chamber  of  the  ves- 
sel E.  There  is  thus  a  flow  into  these  tubes 
but  not  through  them.  The  upper  portion  of 
K  is  an  open  vessel  which  contains  practically 
pure  oxygen  at  atmospheric  pressure,  and  his 
oxygen  is  evaporated  by  the  latent  heat  of  the 
compressed  air  which  passes  through  the 
walls  of  the  tubes  immersed  in  the  liquid.  All 
this  is  precisely  the  same  as  in  Linde's  ap- 
paratus. The  only  peculiarity  to  be  found  in 
the  plaintiff's  mode  of  performing  this  oper- 
ation as  contrasted  with  that  shown  in  Linde's 
specification  is  that  the  tubes  in  the  plaintiff'? 
machine  are  diagrammatically  in  the  form  of 
an  inverted  XJ  and  are  not  straight.  This 
change  in  the  shape  of  the  tubes  does  not  af- 
fect the  condensation  which  goes  on  therein, 
but  it  affects  the  collection  of  the  condensed 
liquid.  In  the  defendants'  apparatus  the 
whole  of  the  condensed  liquid  runs  back  into 
the  receptacle  beneath  the  entrance  to  the 
tubes,  and  collects  there.  As  shown  in  Fig. 
2 — the  plaintiff's  apparatus — the  condensed 
liquid  that  is  formed  in  the  first  half  of  each 
tube,  that  is,  in  the  ascending  leg  of  the  in- 
verted U,  falls  back  into  the  receptacle  F 
beneath  the  entrance  to  the  tubes,  but  that 
which  is  formed  in  the  descending  leg  of  the 
U  falls  to  the  further  end  of  the  tube  into 
a  corresponding  receptacle  placed  there  to  re- 
ceive it,  and  which  constitutes  the  termination 
of  the  tube,  so  as  to  make  it  a  closed  tube  so 
far  as  the  passage  of  the  entering  air  is  con- 
cerned. Both  the  liquids  in  E  and  F  contain 
mixtures  of  oxygen  and  nitrogen,  but  of  vary- 
ing strengths,  that  in  F  being  the  stronger  as 
regards  percentage  of  oxygen. 

Having  thus  procured  their  liquefied  mix- 
tures, the  plaintiffs  proceed  to  separate  the 
oxygen  from  them.  For  this  purpose  they 
use  a  rectifier  just  as  Linde  does.  The  two 
mixtures  of  nitrogen  and  oxygen  are  forced 
by   the   air  pressure   to   different   elevations   in 


this  rectifier,  the  weaker,  as  might  be  ex- 
pected, being  taken  to  the  higher  level.  This 
is  the  only  difference,  his  Lordship  explained, 
and  he  stigmatised  it  as  "a  mere  common- 
place in  the  use  of  rectifying  apparatus.''  In 
his  opinion,  therefore,  the  plaintiffs'  machine 
is  a  clear  infringement  of  the  defendants' 
patent,  for  it  operates  by  possessing  the  three 
essentials  of  Linde's  invention,  set  out  as 
such  in  his  specification: — (1)  It  cools  the 
air  to  be  condensed  by  causing  it  to  flow  in 
the  contrary  direction  to  that  of  the  evapora- 
tion products;  (2)  it  then  causes  the  same 
to  transmit  its  heat  to  the  evaporating  liquid; 
and  (3)  it  then  causes  the  vapors  produced 
ir  the  distilling  apparatus  to  flow  upwards 
through  the  liquid  air  flowing  downwards  in 
1  stratified  manner.  "Every  .word  of  this 
description,"  he  said,  "applies  to  the  plain- 
tiff- machine  just  as  aptly  and  just  as  com- 
pletely as  it  does  to  that  shown  and  claimed 
in  the  defendants'  patent. 


MINUTE   VACUUM  ADJUSTMENT 

In  varinnn  apparatus,  after  continued  pass 
of  the  electrical  energy  and  the  heating  of 
the  glass  walls  the  vacuum  is  observed  to  in- 
crease,  and,   as   a   certain   condition   of  partial 


MINUTE  VACUUM  ADJUSTMENT. 

vacuum  is  necessary,  if  the  exhaustion  ranges 
too  high  the  required  impressed  voltage  ef- 
fects a  passage  of  electricity  through  the  ex- 
tremely rarefied  gases  and  becomes  so  high  as 
to  be  inefficient.  By  the  invention  of  Daniel 
McFarlane    Moore    any    desired    gas    is    auto- 
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matically  introduced  into  the  tube.  The  ar- 
rangement of  the  inlet  valve  is  shown  in  the 
cut  which  we  reproduce  from  The  Western 
Electrician.  The  apparatus  consists  of  a 
storage  tank  or  receiver  for  a  readitly  vapor- 
izable  liquid  connected  to  the  vacuum  tube 
through  the  valve  which  is  electromagnectic- 
ally  controlled  by  the  winding  in  series  with 
the  main  lamp  current.  The  branch  tube 
leading  into  the  lamp  is  shown  filled  with 
sand  to  prevent  short-circuiting  of  the  high- 
tension   discharge. 

The  valve  itself  contains  a  pool  of  mer- 
cury which  normally  seals  the  imgress  open- 
ing through  the  displacement  due  to  the  pres- 
ence of  a  plunger.  As  the  current  in  the  tube 
increases  the  magnet  winding  lifts  its  arma- 
ture,  withdrawing  the   displacer   and   allowing 


AN   AIR  DUMP  CAR 

The  half  tone  shows  a  new  20  yard  air 
dump  car  built  by  the  William  J.  Oliver  Mfg. 
Co.,  Knoxville,  Tenn.  This  car  is  strongly 
built  throughout  to  stand  the  severe  service 
of  handling  earth  and  rock.  The  draft  sills 
are  built  up  of  two  steel  channel  beams,  with 
separators,  cover  plates,  etc.  The  bottom  is 
of  3  inch  oak  reinforced  by  a  10  inch  steel 
center  channel  the  full  length  of  the  body, 
also  by  two  intermediate  sills  made  of  8  inch 
channel  beams  and  by  two  outer  edge  angle 
braces.  The  car  is  trussed  by  two  i]/2  inch 
rods  with  turn-buckles.  The  center  sill  is 
pivoted  to  rim  hinges  on  the  draft  sills.  The 
steel  plate  doors  are  reinforced  longitudinally 
at  the  top  and  bottom  and  also  vertically  by 
ansrles. 


NEW  OLIVER 

the  mercury  to  drop  away  from  the  inlet 
opening,  thus  admitting  the  gas  which  is 
given  off  by  the  liquid  in  the  container.  A 
minute  quantity  only  flows  before  the  pres- 
sure rises  so  as  to  cause  the  magnet  to  close 
the  valve  and  stop  the  flow.  A  reduction  of 
tension  in  the  flask  and  communicating  spaces 
up  to  the  regulating  valve  below  that  which  is 
necessary  to  practically  maintain  the  contents 
in  the  liquid  or  solid  condition  will  permit  the 
evolution  of  more  gas  or  vapor,  which  will. 
therefore,  be  ready  at  a  higher  pressure  in  the 
chamber  than  in  the  tubes,  so  that  a  feed  of 
gas  will  take  place  whenever  the  communica- 
tion is  opened  by  the  gas-regulating  valve. 


DUMP  CAR. 

The  car  has  a  long  truck  base  distributing 
the  weight  over  a  large  area  of  false  work, 
and  in  dumping  all  material  goes  clear  of  the 
trucks  and  oil  boxes.  There  is  a  toggle  door 
raising  lever  arrangement  and  as  the  car  is 
dumped  the  lower  edge  of  the  door  is  thrown 
upward  and  away  from  the  contents  of  the 
car.  thereby  minimizing  the  liability  of  ma- 
terial striking  against  and  wedging  or  spring- 
ing the  door.  The  same  toggle  device  also  ■ 
locks  the  doors  securely  when  the  car  body 
is  in   the  horizontal  or  load  carrying  position. 

Under  the  car  are  two  air  pipe  lines;  the 
air  brake  pipe  and  the  air  dump  pipe.  At 
each  end  of  the  car  is  a  three  way  cock  from 
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which  there  are  two  branch  pipes  connected 
to  the  two  dump  cylinders,  so  that  the  car 
can  be  dumped  from  either  end.  In  the  oper- 
ation of  dumping  air  is  turned  by  the  three 
way  cock  into  the  air  cylinder  operating  the 
longitudinal  shaft  on  the  designated  side. 
This  causes  a  downward  movement  of  the  air 
dump  piston  to  the  rod  of  which  is  attached 
a  sheave  which  pressing  upon  a  chain  causes 
the  longitudinal  shaft  to  turn  and  the  turn- 
ing of  this  shaft  causes  a  downward  pull  of 
the  dump  chains  which  are  attached  to  one 
of  the  sheaves  on  the  end  of  the  shaft  and  at 
the  other  end  to  the  body  of  the  car  thereby 
bringing  the  body  of  the  car  to  the  dumping 
position.  To  bring  the  car  body  to  the  hori- 
zontal position  again  air  is  turned  into  the 
cylinder  on  the  other  side  of  the  car.  When 
the  car  body  is  being  tipped  the  pistons  travel 
in  opposite  directions. 

The  car  is  equipped  with  the  Oliver  patent 
steel  non-clogging  coupler.  It  has  the  stand- 
ard M.  C.  B.  contour,  with  solid  top  and 
open  bottom,  so  that  if  earth  should  get  in- 
side of  the  coupler  casting  it  would  not  lodge 
there  and  interfere  with  the  operation. 


A  PNEUMATIC    TOOL    FOR   CAULKING 
PIPE 

Mr.  A.  E.  Walden,  Superintendent  and  Chief 
Engineer  of  the  Baltimore  County  Water  and 
Electric  Company,  contributes  to  Engineering 
News,  from  which  we  reproduce  it,  the  fol- 
lowing account  of  his  experiences  in  laying 
a  long  line  of  water  pipe,  the  narrative  hav- 
ing to  do  principally  with  the  caulking  of  the 
joints  by  a  specially  adapted  pneumatic  tool. 

In  1906  the  Baltimore  County  Water  and 
Electric  Co.  started  to  lay  about  25  miles  of 
12,  10  and  8-in.  pipe  cross  country  to  take 
care  of  a  section  that  was  supplied  by  deep 
wells  which  had  given  every  evidence  of  fail- 
ing entirely  and  prevented  taking  on  additional 
consumers,  and  giving  satisfactory  service  to 
consumers  already  connected.  It  was  soon 
found  that  expert  and  rapid  caulkers  could 
not  be  secured  and  a  portable  compressed  air 
plant  for  caulking,  cutting  and  drilling  was 
purchased  and  mounted  on  a  truck,  which 
proved  a  success  in  every  respect,  though  some 
trouble  was  experienced  with  the  gas  engine. 
It  was  found  possible  to  calk  a  12-in.  pipe 
satisfactory  for  250  lbs.  working  pressure  in 
2V2  minutes,  the  average  of  all  joints  being  be- 


tween three  and  five  minutes.  The  joints 
were  more  satisfactory  and  were  tight  in  every 
respect.  The  average  actual  time  for  hand 
calking  on  this  size  pipe  was  30  minutes,  but 
the  all-day  average  was  45  minutes.  At  one 
time  two  men,  with  the  air  hammers,  calked 
between  8  a.  m.  and  5  p.  m.  76  lengths  of 
12-in.  pipe  out  of  a  total  of  87  pieces  laid  and 
leaded.  This  work  was  done  in  cold  weather, 
which  made  it  difficult  to  get  the  best  results. 
This  line  is  operating  under  pressure  of  from 
100  to  250  lbs.  per  sq.  in.,  depending  on  the 
elevation,  and  so  far  there  has  not  been  a 
joint  leak  where  the  air  tool  was  used.     The 
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time  required  to  cut  12-in.  pipe  was  2J/2  min- 
utes. The  portable  plant  was  made  up  as 
follows  : 

A  6-HP.  gasoline  engine  was  belted  to  a 
small  duplex  air  compressor  capable  of  main- 
taining 70  to  80  lbs.  air  pressure  when  deliv- 
ing  52  to  35  cu.  ft.  of  air  per  minute,  with 
storage  and  cooling  tank  and  a  small  centri- 
fugal circulating  pump  for  circulating  the 
water  through  the  jacket.  The  engine  was 
of  the  single  cylinder  vertical  type,  but  it 
was  found  that  a  two-cylinder  engine  would 
have  been  better,  and  it  is  possible  that  one  of 
the  small,  air-cooled,  multi-cylinder,  marine 
engines  would  have  given  the  best  results. 
The  equipment  was  mounted  on  trucks,  and 
provided  with  two  lengths,  of  150  ft.  each,  of 
r/2-in.  air  hose  connected  to  a  storage  tank 
at  two  different  points  so  that  it  would  only 
be  necessary  to  move  the  machine  once  in 
every  300  ft.  An  air-hammer  drill  was  pro- 
vided operated  from  the  same  equipment  cap- 
able of  drilling  up  to  4-ft.  holes.  In  the 
niggerhead  formation  it  was  possible  to  drill 
at  the  rate  of  2  ins.  per  minute. 

Two  sizes  of  hammers  for  calking  were 
purchased,  one  3-in.  and  one  2-in.     The  3-in. 
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hammer  was  a  success,  as  the  shorter-stroke 
hammer  jarred  the  operators'  wrists  so  that 
they  could  not  operate  steadily.  The  proper 
shape  calking  tools  could  not  be  secured  from 
the  hammer  manufacturers  so  that  it  became 
necessary  to  have  them  made  up  locally. 
These  tools  are  shown  in  the  accompanying 
figures.  The  cost  of  the  entire  equipment 
ready  to  operate  was  $665,  including  engine 
and  truck,  all  tools,  drills,  hammers,  etc.  The 
usual  antipathy  of  men  toward  labor  saving 
devices  was  encountered  but  the  results  ob- 
tained demonstrated  the  possibilities  of  the 
equipment  to  do  even  better  work  than  it  did 
here.  The  same  truck  is  now  to  be  equipped 
with  a  small  centrifugal  pump  for  pumping 
out  trenches,  etc.,  and  will  thus  make  a  very 
compact  outfit.  It  was  found  that  the  con- 
struction of  the  hammer  could  be  improved 
by  providing  a  spring  clip  that  would  snap 
over  a  collar  on  the  tool  to  allow  of  the  tool 
turning  easily  in  the  socket,  but  so  constructed 
that  it  would  prevent  jumping  out  when  start- 
ing the  joint.  In  calking  where  a  joint  "is 
poured"  if  the  lead  slug  is  driven  in  and 
swedged  off  (not  cut  off)  with  the  tool  no 
leaks  will  occur  at  a  joint  calked  with  the 
air  hammer,  and  it  is  possible  to  drive  the 
joint  hard  enough  to  crack  the  bell. 


LOCAL  WELDING  IN  RAILWAY 
SHOP  WORK 

The  following  occurs  in  a  valuable  series  of 
articles  by  Charles  R.  King,  upon  European 
Locomotive  Work  in  recent  issues  of  The  En- 
gineering Magazine. 

The  new  processes  for  welding  have  been  of 
the  greatest  utility  for  the  work  of  railway 
shops,  for  they  permit  of  the  metal  being  fused 
in  situ  without  having  to  dismount  the  parts 
to  be  repaired.  Even  a  broken  bridge  in  the 
orifices  of  a  valve-chest  liner  can  be  sometimes 
"touched"  with  the  flame  and  the  liner  then 
rebored  in  place.  In  the  work  of  new  con- 
structions these  welding  processes  are  largely 
employed.  At  the  La  Chapelle  (Paris)  shops 
of  the  Nord  Railway  the  oxyhydric  process  is 
in  use  for  welding  all  thin  plates  not  subject 
to  special  working  strains.  Boiler  flues  are 
pieced  together  and  frame  plates  are  welded  or 
soldered,  after  being  fractured  in  service.  For 
joining  the  clothing  plates  of  boiler  or  cylin- 
ders— which  require  to  be  hermetic  when  no 
non-conductor  is  used  for  lagging  the  boiler — 


it  is  especially  serviceable.  A  length  of  1  me- 
tre of  i-millimetre  thick  plate  is  welded  in  10 
minutes,  consuming  20  litres  of  oxygen  and 
100  litres  of  hydrogen  and  costing,  together,  14 
centimes=barely  3  cents;  one  metre  of  2-mil- 
limetre plate  is  soldered  in  15  minutes,  con- 
suming 60  litres  oxygen  and  280  litres  hydro- 
gen. The  proportion  of  hydrogen  is  much 
above  the  theoretical  value  in  order  to  avoid 
oxidation.  Frame  plates  or  parts  attached, 
are  repaired  with  a  consumption  of  gas  differ- 
ing widely  in  proportion  to  the  importance  and 
difficulty  of  the  operation.  For  instance,  sup- 
pose a  crack  5  inches  long  in  the  angle  of  horn- 
plates  or  axle-box  guides  ("pedestals"),  the 
depth  being  1%  inches.  The  metal  to  be  run 
into  the  cavities,  that  machined  inside  and  out- 
side to  half-depth,  calls  for  an  expenditure  of 
1,500  litres  of  oxygen  and  8,800  litres  of  hydro- 
gen, costing  11.39  francs,  say  $2.28.  The  re- 
moval of  the  plant,  its  installation,  the  welding, 
and  the  return  of  the  plant,  takes  the  smith 
and  his  help  2  hours,  costing  2.45  francs,  so 
that  the  whole  repair  comes  to  13.84  francs. 

The  process  is  also  employed  in  the  con- 
struction and  repair  of  steel  and  iron  pipes,  of 
ash-pans,  locomotive  footplates,  and  for  all 
kinds  of  repairs  where  the  flaws  are  superficial 
and  compromise  neither  strength  nor  safety. 

The  outsider,  in  watching  the  process,  sees 
the  operator  wearing  dark  spectacles  holding 
the  burner  against  a  1 14-inch  frame  plate.  The 
flame  first  blisters  superficially;  the  iron  then 
gradually  becomes  a  blotchy  red,  losing  color 
directly  the  flame  is  moved  away,  then  redden- 
ing through  the  whole  depth  of  the  metal,  and 
finally  becomes  white  and  attains  the  point  of 
fusion,  when  the  soft  iron  rod  to  fill  the  cavity 
is  introduced  and  fuses  with  the  neighboring 
metal  of  the  plate  being  welded.  With  boiler 
flues  the  two  coned  and  hollowed  ends  of  the 
tubes  are  lightly  butted  together  while  resting 
on  a  X-trestle,  and  the  operator  touches  the 
joint  with  the  flame  forming  a  series  of  little 
fused  points,  turning  the  tube  slightly  with 
each  touch  of  the  flame.  Each  operator  welds 
120  flues  daily,  or  an  average  of  5  minutes  per 
tube,  the  cost  in  gas  for  each  10  tubes  being 
100  litres  oxygen  and  650  litres  hydrogen,  cost- 
ing, together,  81  centimes  or  16  cents.  The 
saving  as  compared  with  the  old  system  of 
brazing  amounts  to  40  centimes  (8  sous  or  8 
cents)  per  tube,  or  enough  to  pay  for  the  gas 
required  to  weld  5  tubes. 
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An  assistant  removes  the  welded  tubes  and 
passes  one  extremity  of  the  flue  through  a  hole 
in  a  block,  leaning  on  the  other  extremity, 
turning  the  tube  slightly  at  each  pressure.  The 
tube,  according  to  the  foreman,  never  breaks 
at  the  joint  but  gives  w.ay  at  any  other  part 
if  the  tube  is  tested  to  destruction. 

Summing  up  the  price  of  shop  work  in  con- 
nection with  this  form  of  welding,  each  tube 
costs  32  centimes,  or  6^2  cents,  for  labor ;  that 
is,  cleaning  and  cutting  down  old  tubes,  saw- 
ing off  and  chamfering  the  new  ends  for  the 
firebox  extremities,  welding,  straightening ; 
tests  in  the  block  and  at  the  hydraulic  press, 
and  trials  at  the  store  reception.  The  gas 
costs  0.81  centimes  per  tube,  consequently  each 
tube  thus  welded  costs,  altogether,  40.1  cen- 
times or  8  sous  or  cents. 

The  saving  by  this  process  for  welding 
ribbed  tubes  of  the  Serve  pattern  is  even 
greater — that  is  13  sous  or  cents  per  tube.  The 
ends  of  the  tubes  are  hollowed  and  coned  as 
usual,  the  lip  on  the  hollowed  end  furnishing 
the  metal  for  the  fusion  of  the  joint.  Each 
tube-weld  necessitates  60  litres  oxygen  and 
243  litres  hydrogen,  together  worth  37  cen- 
times or  7y2  cents.  Each  installation  turns  out 
60  welded  tubes  per  day  or  an  average  of  10 
minutes  for  each  ribbed  tube,  for  which  4  sous 
or  cents  per  tube  is  .allowed.  The  entire  cost 
per  tube  amounts  to  25  sous  or  cents — one  shil- 
ling— in  including  cleaning,  selecting,  and  cut- 
ting down  of  tubes,  removal  of  ribs  at  the  ex- 
tremities, sawing  off  the  new  end,  chamfering 
the  joints  and,  at  the  same  time,  removing  the 
ribs  near  to  the  weld,  welding,  straightening 
and   testing. 

The  two  kinds  of  gases  are  delivered  in  steel 
cylinders  of  47  litres  capacity  and  at  a  pressure 
of  150  kilogrammes  per  square  centimetre.  Re- 
duced to  atmospheric  pressure,  each  cylinder 
therefore  contains  about  7  cubic  metres  of  gas 
for  which  16  sous  or  cents  is  paid  to  the  "So- 
ciete  L'Oxhydrique  Franchise"  per  cubic  metre 
of  hydrogen  and  58  sous  per  cubic  metre  of 
oxygen.  For  thin  metal  up  to  3  millimetres 
thickness  this  process  is  as  quite  as  economical 
as  the  oxyactelenick  process  of  welding,  but 
beyond  that  thickness  the  latter  is  the  more 
economical.  By  reason  of  its  less  in- 
tense whiteness  the  glare  of  the  oxyhydric 
flame  is  said  to  fatigue  less  the  eyes  of  the 
operatives. 


A  NATURAL  AGGREGATION  OF 
RARE  MINERALS 

F.  L.  Hess,  of  the  United  States  Geological 
Survey,  in  a  report  just  published  forming  a 
part  of  an  advance  chapter  from  the  Geological 
Survey's  Bulletin  No.  340,  calls  attention  to 
perhaps  the  most  remarkable  natural  mound 
in  the  United  States.  It  is  in  the  middle  of  the 
"Llano  region,"  an  "island"  of  pre-Cambrian 
rocks  almost  in  the  geographical  center  of 
Texas,  known  as  Baringer  Hill  and  celebrated 
for  its  content  of  what  geologists  term  "rare 
earth  metal  minerals."  In  a  short  description 
of  this  hill,  which  is  formed  by  a  "dike"  and 
is  only  about  40  feet  high  and  about  100  by 
200  feet  in  lateral  dimensions,  is  given  a  list 
of  about  two  dozen  minerals  found  in  this 
small  area,  among  them  a  number  of  radio- 
active materials  and  others  of  great  and  in- 
creasing practical  importance.  Among  the 
rare-earth  minerals  at  Baringer  Hill  are  fer- 
gusonite,  gadolinite,  polycrase,  yttrialite,  and 
cyrtolite. 

The  economic  interest  in  these  minerals  is 
due  to  the  incandescence  of  their  oxides  on  be- 
ing heated.  This  property  makes  them  availa- 
ble for  use  as  glowers  in  gas  and  electric 
lamps.  Tnoria,  beryllia,  yttria,  and  zirconia 
are  the  most  useful  minerals  employed  for 
this  purpose.  Until  the  discovery  of  the  de- 
posits at  Baringer  Hill  it  was  practically  im- 
possible to  get  sufficient  yttria  bearing  miner- 
als to  manufacture  mantles  for  electric  glow 
lamps;,  but  fergusonite  and  gadolinite,  with 
lesser  amounts  of  cyrtolite  and  other  miner- 
als containing  yttria,  occur  here  in  quantities 
large  enough  to  meet  the  demand.  The  Nernst 
Lamp  company  owns  this  valuable  deposit,  but 
its  needs  require  only  the  occasional  working 
of  the  mine.  After  enough  yttria  minerals  are 
obtained  to  supply  its  wants  for  several  months 
the  mine  is  closed.  Only  a  few  hundred 
pounds  a  year  are  extracted. 

The  geologic  island  in  which  Baringer  Hill 
is  located  is  interspersed  with  other  mounds 
and  dikes  of  similar  appearance,  which  have 
been  considerably  prospected,  but  without 
much  success.  Mr.  Hess  states  that  as  these 
rare-earth  minerals  constitute  only  a  small 
fraction  of  1  per  cent,  of  the  total  mass,  com- 
mercially large  amounts  may  exist  in  a  dike 
and  not  be  exposed  at  the  outcrop ;  but  sug- 
gests that  cracks  that  generally  surround  the 
nuclei  of  the  minerals  may  be  utilized  in  pros- 
pecting. 
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COMPRESSED    AIR    CONSISTENCY 

A  maker  should  certainly  appreciate  and 
employ  to  his  own  advantage  the  goods  or 
appliances  which  he  is  urging  others  to  buy ; 
yet  there  are  those  who  do  not.  This  general 
topic  having  been  opened  recently  by  our  es- 
teemed contemporary  Machinery  to  whom  a 
correspondent  writes  as   follows : 

''The  writer  can  call  to  mind  several  in- 
stances where  manufactuers  show  their  incon- 
sistency in  this  respect.  This  can  be  best 
illustrated  by  a  specific  case,  referring  to  a 
concern  capitalized  at  ^300,000,  and  manu- 
facturing steam  engines,  air  compressors, 
water  in-takes  operated  by  compressed  air, 
air-lift  systems,  centrifugal  pumps  of  all  sizes, 
and  several  other  kinds  of  machines  for 
pumping  purposes.  This  firm  has  a  machine 
shop,  foundry,  wood  shop,  pattern  shop,  black- 
smith shop,  and  ware-house — all  modern  build- 
ings. These  shops  all  receive  their  power 
from  .a  central  power  plant  equipped  with  a 
Corliss  engine  and  a  direct  current  generator. 
The  machine  shop  is  equipped  with  an  electric 
traveling  crane,  while  the  foundry  and  black- 
smith shop  have  jib  cranes  operated  by  hand. 
The  concern  has  spent  thousands  of  dollars 
for  jigs  in  order  to  lower  the  cost  of  produc- 
tion. The  shops  are  lighted  by  electricity,  and 
the  clock  system  of  time  keeping  has  been 
installed.  Besides  this,  there  is  an  excellently 
arranged  stock  department. 

"Contrasted  with  this  is  the  equipment  of 
the  foundry.  Since  this  firm  manufactures 
air  compressors,  one  would  naturally  expect 
to  see  some  pneumatic  tools  in  operation,  es- 
pecially in  the  foundry ;  but  no,  all  the  rid- 
dling and  chipping  is  done  by  hand.  Pieces  that 
are  too  large  to  put  in  the  rattler  are  brushed 
and  cleaned  up  by  hand.  And,  to  cap  the  cli- 
max, instead  of  using  one  of  the  firm's  own 
air-lift  pumps  for  the  water  system,  there  is  an 
old  power  pump  jack  that  keeps  the  water 
well  oiled,  and  breaks  down  regularly  once 
every  two  weeks. 

"Now  this  firm's  trade  in  air  compressors 
has  fallen  off  considerably  in  the  last  two 
years,  due,  it  is  claimed,  to  the  competition 
in  that  line.  It  is  the  writer's  opinion  that 
if  this  firm  would  practice  what  it  preaches, 
it  would  be  able  to  get  in  on  the  ground  floor 
with  the  other  fellow.  The  use  of  air  ham- 
mers, air  chisels,  air  brushes,  sand  blasts, 
emery  wheels  operated  by  air,   air  drills,  rid- 
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dies  operated  by  air,  and  air  lifts,  would  not 
only  cheapen  the  labor  cost,  but  the  practical 
application  of  compressed  air  to  the  work  of 
the  machine  shop,  foundry,  blacksmith  shop, 
etc.,  would  be  an  object  lesson  to  the  intend- 
ing purchaser  that  would  tend  to  hasten  his 
decision." 

There  will  be  opinions  as  to  the  propriety 
of,  and  as  to  the  good  taste  displayed  in, 
such  revelations  as  this.  We  have  ours,  and 
we  have  taken  pains  not  to  know  the  identity 
of  the  establishment  above  referred  to.  We 
do  known,  however,  that  there  are  establish- 
ments, capitalized  at  more  than  $300,000,  to 
which  these  remarks  do  ndt  apply.  We  have 
in  mind  one  establishment,  which  builds  air 
compressors  and  other  things,  where  a  supply 
of  compressed  air  at  two  different  pressures 
is  carried  throughout  the  works  by  many 
miles  of  piping,  and  where  all  the  devices 
spoken  of  above  as  conspicuous  by  their  ab- 
sence, and  many  others  which  the  alert  look- 
ing out  for  economy  and  conveniences  have 
suggested,  are  in  constant  employment.  This 
everyday  familiarity  of  all  hands  with  com- 
pressed air  practice  constantly  leads  to  new 
applications  and  to  the  originating  of  new  de- 
vices which  ultimately  are  offered  to  cus- 
tomers. Not  only  are  the  possibilities  of  com- 
pressed air  here  appreciated  and  the  range 
of  its  adaptability  availed  of,  but  its  limitations 
also  are  understood,  and  nowhere  is  com- 
pressed air  used  perfunctorily.  The  entire 
establishment  is  electric  driven,  with  individ- 
ual motors  for  the  larger  or  isolated  machines 
and  light  electric  driven  line  shafts  for  the 
smaller  tools.  No  line  shafts,  belts,  cables  or 
steam  pipes  run  out  of  the  power  house  to 
the  various  buildings.  The  air  pipes  and  the 
electric  wires  run  side  by  side,  their  only  ac- 
companiments being  the  going  and  returning 
water  pipes  for  the  heating  service.  Such  an 
establishment  is  in  position  to  advocate  intel- 
ligently and  consistently  compressed  air  prac- 
tice and  its  own  compressed  air  appliances. 


COMPRESSED  AIR  PROGRESS 

In  the  course  of  his  classical  researches 
into  the  steam  engine  and  other  prime  movers, 
Professor  Rankine  showed  the  great  theoret- 
ical advantages  of  the  air  engine,  as  compared 
with  motors  using  a  fluid  such  as  steam,  which 
changed  its  state  from  the  gaseous  to  the 
liquid  form  during  the  development  of  active 


energy  from  heat.  The  air  engine,  in  the 
forms  in  which  he  considered  it,  however, 
never  became  a  commercial  success,  although 
some  of  the  principles  upon  which  his  analysis 
of  it  were  based  enter  into  the  operation 
of  the  modern  internal-combustion,  engine. 
Nevertheless  the  advantages  of  the  elasticity 
of  air,  in  connection  with  the  transmission 
and  application  of  power,  have  acquired  great 
mechanical  and  commercial  importance,  and 
the  air  compressor,  in  its  latest  and  highest 
types,  together  with  the  numerous  useful  ma- 
chines for  the  application  of  compressed  air, 
has  become  an  accepted  manufactured  product, 
comparable  in  magnitude  and  importance  with 
the  steam  engine. 

It  is  especially  in  connection  with  the  trans- 
mission of  power  to  certain  classes  of  opera- 
tive tools  that  the  air  compressor  has  found 
successful  application.  The  rock  drill,  it  is 
true,  is  often  operated  by  steam  taken  di- 
rectly from  the  boiler,  but  this  is  in  cases  in 
which  the  distance  between  the  generator  and 
the  operative  machine  is  comparatively  short 
and  the  temporary  nature  of  the  work  ren- 
ders the  losses  by  leakage  and  condensation 
relatively  unimportant.  In  extensive  mining 
work,  in  important  tunneling  operations,  in 
the  great  majority  of  cases  compressed  air 
is  employed,  its  use  carrying  with  it  absolute 
assurance  against  the  serious  loss  from  con- 
densation accompanying  the  use  of  steam,  to- 
gether with  freedom  from  excessive  heat,  an- 
noying drip  of  water,  and  minor  inconven- 
iences well  known  in  practice. 

In  the  machine  shop  the  air  compressor  has 
become  an  accepted  element  in  the  modern 
plant.  Many  small  tools,  such  as  portable 
drills,  riveters,  chipping  tools,  etc.,  operated 
by  compressed  air,  form  essential  parts  of 
the  outfit,  and  the  ability  to  take  the  tool  to 
the  work  and  perform  minor  operations  di- 
rectly under  the  hand  of  the  skilled  work- 
man has  practically  given  such  workmen  the 
opportunity  of  extending  their  personal  skill 
far  beyond  the  capacity  of  the  hammer,  chisel, 
and  file  with  which  they  acquired  it.  Even  in 
such  a  minor  function  as  that  of  blowing  away 
the  accumulation  of  chips  and  dust  beneath 
the  cutting  tool  in  the  machine,  the  provision 
of  a  supply  of  compressed  air  throughout  the 
shop  has  demonstrated  its  value,  and  the  mere 
knowledge  that  a  supply  of  air  is  "on  tap," 
so  to  speak,   suggests  its  application  in  many 
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labor-saving  ways.  The  modern  caisson  sys- 
tem for  sinking  foundation  is  dependent  upon 
the  air  compressor  for  its  existence,  whether 
the  work  be  on  land  or  under  water.  The 
great  bridge  and  the  tall  building  depend  alike 
upon  the  possibilities  of  fhe  application  of 
compressed  air  for  their  foundations  and  for 
the  mechanical  riveting  of  their  structural- 
steel  members. 

All  these  applications  of  compressed  air  in- 
volve the  design  and  commercial  production 
of  the  machines  by  which  the  air  under  pres- 
sure may  be  economically  produced,  a  depart- 
ment of  engineering  which  demands  knowl- 
edge and  experience  of  the  highest  grade, 
both  in  the  principles  of  thermodynamics  and 
in  the  fundamentals  of  machine  design.  Dif- 
ferent conditions  demand  machines  suited  to 
the  special  service  required ;  the  compressor 
must  be  adapted  to  the  mine,  the  quarry,  the 
workshop,  and  the  portable  equipment  of  the 
contractor ;  in  short,  it  must  be  the  product 
of  familiarity  with  the  mechanical,  operative, 
and  commercial  conditions  under  which  it  has 
to  be  used,  a  familiarity  which  comes  only 
from  the  combination  of  trained  engineering 
skill  with  long  experience. — Cassia's  Maga- 
zine. 


INVESTIGATING  COMPRESSED 
AIR  LOSSES 

Some  rather  important  points  were  brought 
up  by  Mr.  W.  L.  Wotherspoon  at  the  recent 
meeting  of  the  South  African  Association 
of  Engineers,  in  discussing  the  Meyer  and 
Charlton  Rock  Drill  Tests.  Mr.  Wother- 
spoon has  had  a  large  amount  of  experience 
in  making  power  efficiency  tests  and  in  the 
compilation  of  statistics  dealing  with  power 
production  on  the  mines.  He  stated  that  he 
had  gone  into  the  air  power  problem  some 
time  ago  and  had  attempted  to  make  a  fairly 
close  computation  of  the  air  power  on  a 
large  number  of  mines.  The  results  of  his 
investigations  showed  that  on  one  deep-level 
mine  they  could  carry  on  work  successfully 
with  from  50-60  per  cent,  less  power  per 
machine  shift  than  a  neighboring  and  similar 
property,  and  unless  it  could  be  proved  that 
this  large  varying  factor  is  justified  for  ven- 
tilation purposes,  it  must  clearly  be  due  to  un- 
economical   working.  * 

The  matter  calls  for  further  investigation 
as   it   means    that   a   very   large   proportion    of 


the  total  power  costs  are  effected.  On  a 
large  property  (say  200  stamps)  the  air  power 
cost  usually  amount  to  from  ]/$  to  l/i  of  the 
total  for  the  mine.  This  may  represent  £2,000 
a  month  for  air  power,  so  that  if  only  a  10 
per  cent,  saving  could  be  effected,  it  would 
amount  to  £2,400  a  year  on  a  single  mine. 
Again,  the  duties  of  a  rock  drill  fitter  vary  a 
great  deal.  On  some  mines  he  may  have  fif- 
teen machines  to  keep  in  efficient  repair,  while 
on  others  twice  the  quantity  may  be  under 
his  supervision,  and  there  is  no  doubt  but 
that  the  cost  entailed  through  more  super- 
vision would  in  many  instances  be  more  than 
justified. — South  African  Mining  Journal. 


AIR  WASHING  AND    AN  AIR  WASHER 

The  presence  of  dust  in  the  air  of  indus- 
trial, educational  and  other  establishments,  is 
recognized  as  inimical  to  health  and  otherwise 
highly  objectionable,  and  increasing  attention 
is  being  given  to  the  problem  of  its  elimina- 
tion with  most  encouraging  results  as  to  its 
practicability.  This  general  topic  is  interest- 
ingly discussed  in  a  pamphlet  about  to  be 
issued  by  the  New  York  Blower  Company,  of 
Chicago. 

Naure's  method  of  removing  these  impur- 
ities, it  says,  is  to  collect  moisture  on  each 
mite  of  dust  until,  combined  with  others,  it 
forms  a  drop  of  sufficient  size  to  fall  to  the 
earth  of  its  own  weight.  Millions  of  drops 
make  the  shower,  sweeping  clear  the  atmos- 
phere of  multi-millions  of  particles,  absorb- 
ing gases  and  creating  that  wonderful  clear- 
ness which  is  a  sign  of  the  resulting  purity. 
No  dry  process  is  used  by  nature  and  no  art- 
ificial process  can  fully  succeed  in  which  de- 
pendence is  placed  upon  screens  of  any  type 
to  merely  hold  the  dust  in  dry  form.  They 
cannot  be  automatically  cleaned  and  require 
periodic  attention. 

The  real  cleaning  of  the  atmosphere  is  at- 
tained by  the  original  attraction  of  the  moist- 
ure by  the  dust  particles.  The  washing  effect 
of  the  descending  drops  is  only  an  incident 
in  the  process.  The  cloud  particles  permeate 
the  space  in  which  they  are,  the  raindrops  are 
relatively  few  and  far  between.  An  atmos- 
phere permeated  with  mist,  water  in  its  most 
minutely  divided  form,  must  be  presented  to 
the  passage  of  the  dust  laden  air.  Each  dust 
particle  then  becomes  the  center  of  attraction 
for  the  vapor  particles,   it  is  increased  in   size 
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and  weight,  and  the  air  becomes  supersatur- 
ated with  water  held  in  mechanical  suspension. 

This  excess  of  moisture  must  be  created  in 
order  to  grasp  and  hold  the  solid  matter.  But 
once  caught  these  particles  may  be  easily  sep- 
arated from  the  air  and  conducted  away  with 
their  burden  of  objectionable  material.  Hence 
the  extractor  or  eliminator,  a  device  designed 
to  remove  the  mechanically  suspended  par- 
ticles which  represent  the  excess  of  moisture. 
In  a  word  supersaturation  and  extraction  are 
the  two  essential  elements  in  the  cleansing  and 
purification  of  air.  The  air  leaving  the  ex- 
tractor should  retain  no  visible  moisture;  only 
that  which  has  been  absorbed  and  with  which 
it  is  saturated.  The  temperature  within  the 
spray  chamber  should  be  such  that  when  the 
air  is  heated  during  its  subsequent  passage 
through  the  main  heater  or  flue  heaters  the 
relative  humidity  will  be  sufficiently  reduced. 

An  accessory  of  the  air  washer  i>  the 
primary  tempering  coil  which  is  necessary  for 
use  during  the  winter  season.  By  its  means, 
under  thermostatic  control,  the  air  entering 
the  spray  chamber  is  warmed  to  just  the 
temperature  best  adapted  to  the  action  of  the 
spray.  Without  such  provision  for  pre-heat- 
ing  of  the  air  the  entire  apparatus  would  be- 
come inoperative  when  the  temperature  fell 
below  freezing. 

The  material  of  an  air  washer,  subject  as 
it  always  is  to  constant  contact  with  moisture, 
should  be  uninjured  by  it.  All  metal  work 
should  be  rustless.  This  requirement  is  best 
met  by  the  use  of  brass  and  copper,  and  to  a 
lesser  degree  by  galvanized  iron.  Concrete 
should  be  substituted  for  wood. 


NEW    BOOKS 

Compressed  Air  Plant  for  Mixes,  the  Pro- 
duction, Transmission  and  Use  of  Compressed 
Air,  with  special  reference  to  Mine  Service 
by  Robert  Peele,  Mining  Engineer  and  Pro- 
fessor of  Mining  in  the  School  of  Mines,  Co- 
lumbia University,  New  York,  John  Wiley  & 
Sons,  330  pages  6x9  inches,  112  illustrations. 
Price  $3.00.  This  is  a  very  complete,  thorough 
and  convenient  presentation  of  practically  all 
accessible  and  up-to-date  information  upon  the 
general  subject  of  compressed  air,  and  should 
be  of  service  to  all  users  of  compressed  air 
whether  in  mines,  quarries,  tunnels  and  large 
engineering  operations  in  general  or  in  specific 
lines    of    service    in    manufacturing    and    else- 


where. All  the  familiar  types  of  compressors 
are  described  and  illustrated,  their  principles 
of  operation  and  details  of  construction  are 
discussed  as  are  also  those  of  the  various  air 
operated  devices.  The  latter  portion  of  the 
book  is  devoted  to  the  several  lines  of  employ- 
ment of  compressed  air  in  practical  mining, 
the  equipment  and  operation  of  typical  mines 
being  given  in  considerable  detail.  The  book 
is  handsomely  and  effectively  illustrated  and 
completely  indexed. 


HIGH   PRAISE   FOR  fA   TECHNICAL 
BOOK 

The  Engineer,  London,  reviewing  a  new 
book  on  The  Modern  Steam  Engine,  by  John 
Richardson,   discourses   as   follows : 

The  book  before  us  has  the  great  fact  in 
it>  favour  that  it  has  been  written  by  a  man 
who  has  during  the  last  forty  years  or  so 
superintended  the  design  and  construction  of 
over  _'5.ooo  steam  engines  of  from  6  to  2000 
indicated  horse-power.  The  literature  of  the 
-team  engine  has  been  narrowed  in  its  scope, 
because  Mr.  Richardson  represents  a  class 
which  cannot  be  induced  to  write  books.  He 
is  a  notable  exception,  and  the  volume  before 
us   i-   also   exceptional. 

The  book  is  essentially  a  practicable  treatise. 
It  is  quite  delightfully  free  from  tables  and 
formulae.  It  is  a  standard  example  of  how 
well  an  engineer  can  get  on  without  the  per- 
sonal use  of  the  higher  mathematics.  In  his 
preface  our  author  tells  us:  "For  those  stu- 
dents who  wish  to  tackle  very  abstruse  prob- 
lems, needing  the  use  of  the  higher  mathe- 
matics, there  are  many  suitable  books  already 
published,  and  to  these  such  students  are  re- 
ferred. Such  a  course  of  study  is  for  the 
very  few ;  the  contents  of  this  book  are  for 
the  much  larger  class  who.  starting  without 
knowledge,  want  to  obtain  a  clear  but  com- 
prehensive acquaintance  with  the  steam  en- 
gine." 

***** 

Most  forms  of  the  steam  engine  are  dealt 
with,  but  the  most  interesting  part  of  this 
portion  of  the  volume  is  perhaps  that  devoted 
to  the  design  of  details.  Here  is  a  thoroughly 
practical  passage :  "A  good  designer  can  do 
more  to  promote  morality  and  prevent  pro- 
fane swearing  in  an  engine  factory  than  all 
the   ministers   and   clergymen   in   the   district.' 
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DEATH   OK  GARDNER    D     HISCOX 

Gardner  Dexter  Hiscox  was  born  at  Eliza- 
bethtown,  N.  Y.,  in  1822,  and  died  at  East 
Orange,  X.  J.,  on  Sept.  6,  1908.  He  was  in 
many  respects  an  exceptional  man  and  deserv- 
ing of  more  than  a  passing  notice,  but  material 
for  a  consecutive  narrative  of  his  career  does 
not    seem    to    be    accessible.       Born     on     Lake 


Champlain  and  amid  rural  surroundings  he 
had  no  more  than  the  usual  education  obtain- 
able in  the  district  school  and  the  village  acad- 
emy of  his  time,  which,  however,  afforded  fa- 
cilities for  practical  preparation  for  life's  activ- 
ities not  to  be  spoken  lightly  of  even  to-day. 
Before  he  was  oul  of  his  teens  he  was  teach- 
ing school  and  soon  thereafter  he  engaged  in 
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mercantile  pursuits  which  he  followed  most  of 
his  active  life.  He  was  in  business  in  Chicago 
when  the  fearful  panic  of  1857  occurred  and 
brought  his  career  to  a  close  there.  His  long- 
est consecutive  business  connection  is  under- 
stood to  have  been  as  a  partner  in  a  house  in 
New  York,  manufacturing  and  dealing  in 
steam  and  water  fittings  and  supplies,  and  he 
became  an  expert  and  a  leading  authority  up- 
on steam  heating,  ventilation  and  sanitary  en- 
gineering. His  later  years  were  spent  in  con- 
sulting and  advisory  engineering,  in  editorial 
work  and  in  compiling  technical  books.  He 
was  connected  with  the  Scientific  American 
for  many  years  and  is  understood  to  have  been 
especially  engaged  there  in  conducting  the 
technical  question  and  answer  department,  for 
which  he  was  eminently  qualified.  He  was 
•also  a  contributor  to  the  Compressed  Air 
Magazine  from  the  first  year  of  its  exis- 
tence. Mr.  Hiscox  was  the  victim  of  a  serious 
trolley  car  accident  some  six  years  ago,  which 
practically  confined  him  to  his  residence  for 
the  rest  of  his  days. 

Mr.  Hiscox  was  a  man  of  exceptional  and 
tireless  mental  activity.  He  perhaps  had  no 
special  hobby,  but  he  was  an  omnivorous  col- 
lector of  all  available  information  in  every  line. 
He  seemed  to  know  much  about  everything 
and  he  was  always  glad  to  communicate  any- 
thing that  would  help  anybody.  He  was  be- 
sides all  else  an  amateur  mechanic  with  a  work- 
shop of  choice  tools  in  which  he  spent  many 
leisure  hours  with  results  of  lasting  excellence 
and  value.  He  had  an  exceptionally  fine  mi- 
croscope which  he  had  built  and  a  valuable 
collection  of  objects  of  his  own  preparation. 
He  had  also  built  a  telescope  and  in  connec- 
tion with  that  he  became  incidentally  the 
founder  of  the  Brooklyn  Astronomical  Society. 

The  most  enduring  work  of  Mr.  Hiscox  is 
of  course  in  his  books.  These,  in  the  range  of 
them,  indicate  the  reach  and  versatility  of  the 
man.  Tf  any  are  disposed  to  speak  of  them  as 
compilations  rather  than  works  of  original 
and  independent  research  and  deduction,  they 
must  at  least  concede  that  the  work  he  under- 
took  to  do  in  them  was  thoroughly  done  and 
they  are  of  lasting  value.  The  titles  of  his 
books  are  as  follows:  "Mechanical  Move- 
ments," "Mechanical  Appliances,"  "Gas,  Gas- 
oline and  Oil  Engines,"  "Twentieth  Century 
Book    of    Recipes,    Formulas    and    Processes," 


"Modern  Steam  Engineering,"  "Compressed 
Air  in  All  Its  Applications,"  "Hydraulic  Engi- 
neering." 


The  Lagunitas  Water  Company  has  a  plan 
of  constructing  a  dam  no  feet  high  on  the 
northwestern  slope  of  Mt.  Tamalpais  and 
forming  a  reservoir  which  will  impound  2.000,- 
000,000  gallons  of  water  to  furnish  a  flow  of 
10.000,000  gallons  a  day  to  San  Rafael  and 
other  towns.  The  Marin  County  Water  Com- 
pany, a  rival,  had  bought  up  surrounding  ter- 
ritory thinking  it  could  make  it  unprofitable 
for  the  Lagunitas  company  to  pipe  a  supply 
over  the  mountain.  The  latter  company  now 
proposes  to  construct  a  tunnel  8,000  feet  long 
to  bring  water  to  prospective  customers. 


COMPRESSED   AIR   FOR  HOISTING 

Compressed-air  hoisting  engines  should  be 
fitted  with  extra  large  exhaust  ports  and  pipes 
but  should  have  small  clearances,  although 
the  former  may  be  dispensed  with  if  the  air 
to  be  used  is  reheated  near  the  engine.  A 
small  amount  of  coke  is  all  that  is  necessary 
for  reheating,  which  prevents  all  danger  of 
freezing  besides  effecting  a  decided  saving. 
To  obtain  the  best  results,  reheat  the  air  near 
the  place  where  it  is  to  be  used.  The  pipe 
for  conveying  the  reheated  air  from  the  heater 
to  the  cylinder  should  be  covered,  as  the  loss 
of  heat  takes  place  rapidly.  Live  steam  is  a 
good  reheater  if  available.  Feed-water  heaters 
give  good  results  if  the  heating  surface  is 
ample  and  the  air  passage  free.  It  has  been 
estimated  that  V6  lb.  of  coke  per  horse-power 
per  hour  will  effect  a  raise  in  temperature  of 
366  deg.  and  cause  a  saving  of  from  25  to  35 
per  cent. 

The  greatest  efficiency  in  a  compressed-air 
hoisting  plant  is  obtained  where  a  central  com- 
pressing plant  can  be  used  to  drive  a  number 
of  different  sized  steam  hoists  located  far 
apart,  and  necessitating  a  separate  supply  of 
water  and  fuel  for  each  hoist,  if  there  is  no 
central  heating  plant.  Such  boilers  scattered 
about  a  mine  are  wasteful  of  fuel  .and  usually 
do  not  give  an  efficiency  of  more  than  3  or  4 
lb.  of  water  for  each  pound  of  coal  burned, 
while  a  central  boiler  plant  will  average  an 
efficiency  of  8  or  10  lb.  per  pound  of  coal. 
A  compressed-air  engine  at  the  central  plant  is 
ready    for    instant,    continuous    service    at    full 
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speed.  No  time  need  be  lost  in  working  out 
water  or  quickening  fires  and  there  is  no 
loss  of  steam  when  the  hoist  is  stopped  while 
the  boiler  fire  is  hot. — Engineering  &  Mining 
Journal. 


A  TUNNEL  RECORD 

Engineering  News,  from  data  furnished  by 
Mr.  George  F.  Samuel,  Assistant  Engineer  in 
the  Department  of  Public  Works,  gives  the 
following  account  of  the  progress  of  the  work 
upon  the  southwest  land  tunnel  of  the  Chi- 
cago   waterworks. 

While  the  tunnel  is  somewhat  smaller  than 
a  railway  tunnel,  its  maximum  size  is  a  horse- 
shoe section  14  ft.  x  13  ft.  8  ins.,  and  it  is 
in  this  section  that  the  highest  record  has 
been  made.  The  maximum  monthly  progress 
was  made  in  June,  being  in  drift  21  of  Sec- 
tion No.  3.  This  record  was  390  ft.,  made  by- 
working  two  groups  of  men  in  two  ten-hour 
shifts.  The  daily  average  was  13.4  ft.  for  29 
working  days.  This  work  was  under  the  di- 
rection of  Mr.  Daniel  O'Conner,  as  Super- 
intendent. The  maximum  daily  average  was 
16.4  ft.,  made  by  the  same  force  on  June  30. 
The  gang  for  each  10-hour  shift  was  made 
up   as   follows : 


1  Foreman 

4  drillers 
4  driller  helpers 

1  nipper 

13'  muckers 

1  cageman 

4  top  men 


I  compressor  engineman 

1  electrician  and  helper 

1  blacksmith  and  helper 

1  machinist   and   helper 

1  powder  man 

1  pump  man  and  helper 

38  Total. 


The  excavation  is  carried  on  by  a  top-head- 
ing 9  ft.  high  kept  about  12  ft.  in  advance  of 
the  bench,  which  is  shot  each  day.  For  drill- 
ing the  heading  there  are  four  Ingersoll-Rand 
drills  mounted  in  pairs  on  two  columns. 
Each  set  of  holes  consists  of  8  cut  holes  9 
ft.  deep,  6  helper  holes  7  ft.  deep,  and  12  rim 
holes  7  ft.  deep.  The  drills  are  then  turned 
over  on  the  columns  and  four  bench  holes  are 
drilled.  About  250  lbs.  of  60  per  cent,  gela- 
tine dynamite  are  used  to  make  an  average 
progress  of  7  ft.  The  rock  through  which  the 
tunnel  is  driven  is  a  hard  limestone.  The 
length  excavated  to  July  31  was  as  follows: 
Section  1,  18,841  ft.;  Section  2,  18,880  ft.; 
Section  3,   1,168  ft. 


NOTES 

It  is  announced  that  the  Rix  Compressed 
Air  and  Drill  Company,  of  which  Mr.  Edward 
A.  Rix  is  President  and  General  Manager,  "in 
response  to  the  call  of  the  old  machinery  dis- 
trict has  been  moving."  The  office  and  sales- 
room will  hereafter  be  located  at  371  Market 
Street  at  Fremont,  and  the  factory  at  219-221 
Spear   Street,   San   Francisco. 


Illuminating  gas  of  ordinary  composition 
when  compressed,  precipitates  the  heavier  hy- 
drocarbons in  the  form  of  liquid  or  tarn- 
products,  materially  reducing  the  incandescent 
effect.  The  peculiarity  of  Pintsch  gas  is  its 
remaining  fixed  under  a  compression  as  high 
as  ten  atmospheres.  It  is  made  from  high 
grade  petroleum  distillate  and  has  an  illumin- 
ating power  six  times  that  of  coal  gas. 


A  mixture  which  gives  good  results  in  pre- 
venting the  rusting  of  machinery  is  one  ounce 
of  camphor  dissolved  in  one  pound  of  melted 
lard.  Skim  off  the  impurities  and  add  black 
lead  to  give  an  iron  color.  Clean  the  machin- 
ery carefully  and  apply  the  mixture,  which  may 
be  left  on  indefinitely,  or  if  wiped  off  in  24 
hours  will  prevent  rust  for  some  time.  Polish 
the  metal  with  a  soft  cloth  after  removing  the 
mixture. 


A  new  machine  shop  and  foundry  is  being 
erected  for  the  Goldschmidt  Thermit  Com- 
pany, 90  West  Street,  New  York.  The  build- 
ings 34  by  90  feet,  is  located  in  Jersey  City 
just  back  of  the  present  factory  of  the  com- 
pany and  it  is  to  be  fitted  up  with  traveling 
cranes  and  other  facilities  for  the  better  han- 
dling of  the  extensive  repair  work  which 
comes  to  the  works,  such  as  electric  motor 
cases,  truck  frames,  gear  wheels,  crank  shafts, 
and  in  fact  any  wrought  iron  or  steel  sec- 
tions not  exceeding  a  ton  in  weight. 


A  sheet  of  iron  one  foot  square  and  one 
inch  thick  weighs  40  lb.,  or  640  oz.  There- 
fore a  sheet  of  iron  one  foot  square  and  Vwo 
in.    thick   weighs   one   ounce.     The    scale    has 
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been  arranged  so  that  each  number  represents 
a  certain  number  of  ounces  in  weight,  and 
an  equal  number  of  640ths  of  an  inch  in 
thickness.  The  numbers  range  from  0000000, 
which  weighs  320  oz.  per  square  foot  and  is 
0.5  in.  thick,  to  38,  which  weighs  4  oz.  per 
square  foot  and  is  0.00625  in.  thick.  An  act 
of  Congress  requires  that  this  gauge  shall  be 
used  in  determining  the  duties  and  taxes 
levied  on  sheet  and  plate  iron  and  steel. 


"Now,  what  is  the  matter  with  the  machin- 
ery geniuses  that  none  of  them  have  ever  in- 
vented a  granite  paving  cutter?  These  fellows 
are  certainly  overlooking  a  bet,  for  such  a  ma- 
chine could  be  devised  without  any  radical 
new  principle  of  mechanics  being  necessary. 
Undoubtedly,  a  better  paving  block  than  has 
ever  been  turned  out  could  be  made  by  ma- 
chinery with  considerable  economy.  There 
is  a  big  bunch  of  grapes  for  the  inventor  who 
will  heed  this  suggestion,  and  we  know  a 
large  number  of  quarrymen  who  would  like 
to  purchase  machines  of  this  kind  as  fast  as 
they  can  be  turned  out.  after  it  is  demon- 
strated that  they  can  do  the  work." — Rock 
Products. 


LATEST  U.  S.   PATENTS 

Full  specifications  and  drawings  of  any  patent  may 
be  obtained  by  sending  five  cents  (not  stamps)  to  the 
Commissioner  of  Patents,   Washington,  DC.. 

AUGUST  4. 

nM.n13.  CONCRETE-CONVEYER.  Josiah  W. 
Buzzell,  East  Orange,  N.  J.  and  William  H. 
Larkin,   Jr.,   Worcester,   Mass. 

894,818.  ELECTRODE  FOR  THE  EVOLUTION 
OF  OZONE  FROM  OXYGEN  OR  ATMOS- 
PHERIC AIR.  John  R.  Craig,  Jr.,  Glasgow, 
Scotland. 

894.830.  PROCESS  OF  TREATING  AND 
HEATING  AIR.  Gustaf  E.  Hesse,  Brooklyn, 
N.  Y. 

1 .  The  method  of  continuously  producing  a 
motive  fluid  for  driving  an  engine,  which  con- 
sists in  delivering  air  under  pressure  and  in  a 
continuous  manner  into  a  chamber,  delivering 
st  am  continuously  into  said  chamber  to  thor- 
oughly admix  with  the  air  therein,  forcing  the 
mixed  air  and  steam  under  the  initial  pressure 
applied  to  the  air  from  said  chamber  in  the  form 
of  numerous  confined  thin  tubes;  continued  for 
a  suitable  distance,  into  a  collecting  chamber 
having  an  outlet  therefrom,  and  heating  said 
thin  tubes  of  moving  mixed  air  and  steam  from 
the  inner  sides  thereof  during  their  passage  to 
said  collecting  chamber. 

894.831.  APPARATUS  FOR  TREATING  AND 
HEATING  AIR.  Gustaf  E.  Hesse,  Brook- 
lvn,   N.   Y. 

12.  BLOWING-ENGINE  OR  COMPRES- 
SOR.    Gustav  B.  Petsche,   Philadelphia,  Pa. 

894,882.  PISTON  FOR  AIR-PUMPS.  Thomas 
R.   Green.   Riverside,   Cal. 

894,904.  AUTOMATIC  SPRINKLER  SYSTEM. 
George  I.  Rockwood,  Worcester,  Mass. 


895,084.       AIR-COMPRESSOR     OR     VACUUM- 
PUMP.      Elie   Gaucher,   Constantinople,    Tur- 
key. 
895,192.        APPARATUS      FOR      LIQUEFYING 

AIR.     James  F.  Place,  Glenridge,  N.  J. 
895,292.       BLOWING-ENGINE    INLET-VALVE. 

Marvin  A.  Neeland,  Youngstown,  Ohio. 
895,341.         GRADUATING      RELEASE-VALVE. 

John   W.   Cloud,   London,   England. 
895,349.     PNEUMATIC  TOOL.     Thomas  Dono- 

hoe,  Avella,  Pa. 
895,398.  SUBAQUEOUS  FOUNDATION.  Al- 
bert F.  Eells,  Boston,  Mass. 
1.  The  method  hereinbefore  described  of  plac- 
ing a  hollow  subaqueous  base  for  piers,  light- 
houses and  like  structures,  the  same  consisting 
in  mounting  said  base,  closed  at  the  top,  with 
its  lower  edge  resting  upon  a  temporary  bottom, 
in  forcing  compressed  air  into  the  space  within 
said  base  and  bottom,  and  in  sinking  said  base 
in  place  by  releasing  the  air  whereby  the  bot- 
tom is  collapsed  and  the  edges  of  the  base  sunk 
to  the  bottom  of  the  water. 

AUGUST    11. 

895,426.        PRESSURE  -  REDUCING     VALVE. 

Frank  T.   Cable,   Quincy,   Mass. 
895,438.      PNEUMATIC    CHUCK.      Charles    B. 

Delany,  Columbus,  Ohio. 
895.543.       PNEUMATIC    CAISSON.      Oliver    C. 

Edwards,   Jr.,   Troy,   N.   Y. 
895.643.     AIR-PUMP.     Kirk  G.  Johnston,  New 

York.    N.    Y. 
895,693.      DUST    ARRESTER    AND    SLUDGER. 

Louis  T.   Sicka  and  John  P.  Collins,  Butte, 

.Mont. 

1.  In  a  rock  drilling  system,  an  air  supply,  an 
air  operated  rock  drilling  machine,  a  drill  bit 
enlarged  at  the  cutting  end  and  operated  by 
said  drilling  machine,  a  water  tank,  the  top  of 
which  is  flexibly  connected  to  the  air  supply,  a 
nozzle  flexibly  connected  to  the  bottom  of  said 
water  tank  and  adapted  to  be  inserted  in  the 
drill  hole  behind  the  enlarged  end  of  the  drill 
bit,  means  for  regulating  the  air  pressure  in  the 
water  tank,  means  for  regulating  the  water  dis- 
charged at  the  cutting  end  of  the  drill  bit,  said 
water  tank  being  provided  with  an  internaly  con- 
caved lower  end  for  utilizing  all  the  water  in  the 
tank. 
895,735.      TRAIN-PIPE   COUPLING.      William 

'!    Felkner,  Sebree,  Tex. 
895,750.     HOT-AIR  PIPE.     George  Harms  and 

Chaeles  Spindler.  Peoria,  III. 
895,798.     AUTOMATIC  APPARATUS  FOR  GAS 

ANALYSIS.      Emil    Schatz,    Frankfort-on-the 

Main,    Germany. 
895.877.      ROCK-DRILLING   DEVICE.      EUGENE 

E.   Messmore,   Epworth,  Iowa. 
S95.962.       APPARATUS    FOR    COOLING    AIR. 

Confucius  Chase,  Boston.  Mass. 
895,984.      PNEUMATIC    HUB.      John    Duchan, 

Elizabethport,  N.  J.,  and  Roland  Duchan  and 

Johann    Duchan,    Vienna,    Austria-Hungary. 
895,994.      AIR-CUSHION    FOR    HORSESHOES. 

Jacob  H.  Fawkes,   Detroit,  Mich. 

1.  A  device  of  the  class  described,  comprising 
a  shoe  adapted  to  be  secured  to  the  hoof  of  the 
horse,  a  clamping  ring  fitting  within  the  shoe, 
screws  traversing  the  clamping  ring  and  engag- 
ing the  shoe,  a  resilient  bag  fitting  within  the 
clamping  ring,  a  flexible  cover  fitting  over  the 
bag  and  having  its  edges  inserted  between  the 
clamping  ring  and  the  shoe,  an  air  receptacle  ar- 
ranged as  a  seat  for  the  rider  or  driver,  and 
tubes  connecting  the  resilient  bag  with  the  re- 
ceptacle. 

AUGUST  18. 

896,148.       SPRAYING    DEVICE.      Adelbert    M. 

Phillips,  Le  Roy,  N.  Y. 
896,212.   AIR-ACTUATED  RAILWAY-FENDER. 

Smith  S.  Johnson  and  Henry  A.  Thompson, 

Seattle,   Wash. 
696,290.        PNEUMATIC      DUST    -    REMOVER. 

Miles  E.  Freeman,  Bradford,   Pa. 
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A  nozzle  for  a  pneumatic  carpet  cleaner,  hav- 
ing parallel  walls  and  an  apertured  diaphragm 
within  its  interior,  and  provided  with  a  tongue 
extending  parallel  with  the  walls  of  the  nozzle 
and  which  divides  the  nozzle  into  a  plurality  of 
compartments  and  extends  from  said  diaphragm 
outwardly. 

896,365.     GAS-CLEANER.     Alfred  Ernst,  Pitts- 
burg,   Pa. 
896,447.      AIR    REGENERATING    AND    PURI- 


FYING  APPARATUS.      Sydney   S.   Hall  and 
Oswald  Rees,  Portsmouth,  England. 
896,475.      ROCK-DRILL.      Clark   J.    Smith,   Ot- 
tumwa,    Iowa. 

896.518.  ROCK-DRILLING   MACHINE.      John 
B.  Damas  and  Josph  Francis,   Sonora,  Cal. 

596.519.  APPARATUS  FOR  MIXING  GAS  AND 
AIR.     Erich   Dankelmann,   Berlin,   Germany. 

S96.546.      AUTOMATIC   AIR-PIPE    COUPLING. 
Frank    Hunter,   Trinidad,   Colo. 


1895-.377J 

Pneumatic  Patents.  August  11. 
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896,571.  COMBINED  HYDRAULIC  MOTOR 
AND  AIR-COMPRESSOR.  George  E.  Ocain, 
Oak  Park    111 

896.688.  VARIABLE-TENSION  EXPRESSION- 
BELLOWS  FOR  PNEUMATIC  APPARATUS. 
George  P.  Brand,  New  York,  N.  Y. 

AUGUST    25. 
896,777.       GAS-OPERATED     ROCK-DRILLING 

ENGINE.      Rolland   S.   Trott,   Denver,   Colo. 
896.823.    PRESSURE-MAINTAINING    SYSTEM. 

Frank    Gray.    Chicago,    111. ;     Catherine   Helen 

Gray    and    Clarence    Gray,    executors    of    said 

Frank  Gray,   deceased. 
896,854,       TRAIN-PIPE     COUPLING.       Albert 

S.   Parsons,   Berkeley,   Cal. 
896,902.      TIRE-PUMP.      Julius   A.    Dyblie,    Jo- 

liet,  111. 


896,933.  AIR  PUMP  OR  INFLATOR.  Freder- 
ick S.  Nickells,  London,  England. 

896,956.  APPARATUS  FOR  MIXING  FLUIDS. 
William  F.  Traudt,  Passaic,  N.  J. 

896,958.  HIGH-PRESSURE  BRAKE.  Walter 
V.  Turner,  Wilkinsburg,   Pa. 

897,029.  SPRAYING  APPARATUS.  Hill- 
dreth  F.  B.  Snyder,  Mosier,  Oreg. 

897,060.  LIFTING  DEVICE.  Robert  W.  Cash, 
Hannibal,    Mo. 

897,107.  PNEUMATIC  TOOL.  William  H. 
Keller,  Philadelphia,   Pa. 

897,229.  MECHANISM  FOR  CONTROLLING 
AIR  AND  SAND  ON  CARS.  Claude  Spicer, 
Elyria,  Ohio. 

897,231.  AUTOMATIC  FLUID  -  ACTUATED 
FEED  MECHANISM  FOR  PERCUSSIVE 
TOOL.     Daniel  S.  Waugh,  Denver,  Colo. 


T^ 
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READY  OXYGEN  MAKES  ACETYLENE 
OPPORTUNITY* 

By  Cecil  Lightfoot. 

The  application  in  the  United  States  of  the 
oxy-acetylene  blowpipe  to  the  welding  of  met- 
als has  not  been  developed  at  present  to  any- 
thing-like  the  same  extent  that  it  has  in  Eng- 
land and  on  the  Continent  of  Europe.  This  is 
no  doubt  because  until  within  a  comparatively 
few  months  there  existed  no  satisfactory 
source  of  supply  of  the  necessary  oxygen.  To 
some  extent  the  absence  until  quite  recently  of 
any  by-laws  regulating  the  traffic  in  com- 
pressed oxygen  and  its  transportation  by  rail, 
with  the  difficulty  in  cases  of  getting  the  traf- 
fic accepted  at  all,  no  doubt  discouraged  any 
serious  effort  to  develop  the  trade. 

Oxygen  could  certainly  be  obtained  in  most 
cities  in  the  country,  but  its  price  was  prohibi- 
tive for  industrial  application,  while  in  most 
cases  its  purity  was  as  equally  problematical 
as  nebulous.  At  that  time  the  general  prac- 
tice in  this  country  was  to  compress  the  gas 
to  a  pressure  of  about  250  pounds  per  sq.  in. 
into  riveted  and  brazed  cylinders  of  steel  or 
wrought  iron,  of  diameter  relatively  large  com- 
pared with  the  length.  It  is,  however,  essen- 
tial that  for  economical  results  to  be  obtained 
on  an  industrial  basis,  the  gas  should  be  com- 
pressed to  a  higher  pressure,  as  is  now  uni- 
versally and  without  exception  adopted  in  Eu- 
rope, the  construction  of  the  cylinders  being 
modified  accordingly. 

When  in  1897  Dr.  Carl  von  Linde  succeeded 
in  separating  the  constituents  of  the  atmo- 
sphere by  means  of  his  method  of  air  lique- 
faction and  subsequent  rectification,  the  solu- 
tion  of  the  problem   of  how   to  produce   pure 
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oxygen  in  large  quantities  and  at  a  low  price 
was  realized.  Now  that  the  railroad  compan- 
ies have  at  length  officially  recognized  the 
traffic  in  cylinders  of  oxygen  under  high  pres- 
sure by  the  adoption  of  suitable  regulations 
for  its  control,  and  with  the  establishment  on 
an  extensive  scale  of  an  oxygen  plant  by  the 
Linde  Air  Products  Co.  at  Buffalo  with  an 
output  of  many  thousands  of  cubic  feet  a  day, 
great  impetus  has  already  been  given  to  the 
application  of  the  oxy-acetylene  blowpipe  in 
this  country.  In  fact,  the  development  which 
has  taken  place  in  the  past  month  or  two  has 
been  most  remarkable,  and  it  may  be  pre- 
dicted with  certainty  that  welding  by  means 
of  the  oxy-acetylene  blow-pipe  will  ultimately 
become  a  very  important  factor  in  mechanical 
engineering  practice,  and  will  be  developed  on 
a  scale  far  exceeding  anything  that  is  now  be- 
ing done  in  Europe.  It  is  almost  possible  to 
foresee  the  time  when  every  machine  shop  and 
engineering  establishment  of  any  magnitude 
will  be  equipped  with  an  oxy-acetylene  weld- 
ing plant. 

Oxygen  may,  of  course,  be  generated  by 
chemical  means  on  the  spot,  and  indeed  there 
are  at  the  present  moment  a  number  of  such 
small  chemical  plants  in  daily  operation,  with 
more  or  less  success,  in  conjunction  with 
oxy-acetylene  welding  equipments.  A  some- 
what complicated  and  frequently  uncertain 
chemical  process  is  obviously  entirely  out  of 
place  in  an  engineering  establishment,  and  it 
would  seem  that,  other  things  being  equal,  it  is 
far  more  rational  for  supplies  of  oxygen  to  be 
obtained,  ready  for  use,  from  some  outside 
source.  Apart  from  the  space  occupied  by  such 
a  chemical  plant  to  produce  oxygen,  there  are 
other  disadvantages,  among  which  may  be 
mentioned  the  trouble  of  periodically  cleaning 
out  and  recharging  the  retorts  and  the  oxygen 
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producing  plant,  necessitating  a  continual  ex- 
penditure for  labor,  besides  the  wear  and  tear 
of  the  parts  themselves,  due  to  corrosion  and 
burning  out,  In  some  cases,  also,  there  is  a 
very  objectionable  refuse  to  be  disposed  of. 
Furthermore,  it  must  be  borne  in  mind  that 
the  oxygen  thus  produced  is  by  no  means  purr, 
and  requires  filtration  and  scrubbing  before  it 
can  he  used.  It  has  then  to  he  compn 
necessitating  not  only  some  source  of  power 
but  a  continual  repacking  and  renewal  of 
working  parts   from   time  to  time. 

It  is  true  that  attempts  have  been  made,  so 
far  without  \cr\  marked  success,  to  generate 
oxygen  under  pressure  bj  chemical  mean-,  but 
it  is  obvious  that  the  results  obtained  in  this 
way  must  he  uncertain,  apart  from  any  ques- 
tion of  risk.  The  possibility  of  the  deteriora- 
tion of  the  raw  material  with  age  and  expos- 
ure must  also  be  taken  into  consideration,  this 
being  quite  an  important    factor  in  many  cases. 

It  will  thus  he  seen  that  the  generation  of 
Oxygen  by  chemical  means  is  a  consider ahh 
more  involved  process  than  the  production  of 
acetylene,  and  it  is  self-evident  that  unless 
oxygen  can  he  obtained  ready  for  immediate 
use  without  the  complications  attendant  on 
the  running  of  a  chemical  plant  many  engi 
neering  establishments  will  have  diffidence  in 
taking  up  the  welding  process. 

Recognizing  all  this  and  that  there  must  be 
a  growing  demand  for  oxygen  if  it  can  he 
supplied  to  the  consumer  under  high  pressure 
ready  for  immediate  use  and  in  a  convenient 
and  portable  form,  the  Buffalo  works  of  the 
Linde  Air  Products  Co.  have  been  established 
on  a  very  large  scale  indeed.  With  an  equip- 
ment of  cylinders  which  runs  into  many  thou- 
sands the  company  is  now  prepared  to  supply 
every  possible  demand. 

The  oxygen  supplied  by  this  company  is 
guaranteed  to  contain  not  less  than  95  per 
cent,  of  pure  oxygen,  the  balance  consisting  of 
thi'  ordinary  nitrogen  constituents  of  the  at- 
mosphere. It  is  shipped  under  high  pressure 
in  solid-drawn,  seamless  steel  cylinders  of 
special  construction  which  comply  with  the 
amended  railroad  classification  regulations. 
For  industrial  application  the  largest  size  of 
cylinder,  which  contains  ioo  cu.  ft.  of  oxygen 
under  a  pressure  of  120  atmosphere,  is  most 
convenient.  Furthermore,  with  a  view  to  min- 
imizing the  delay  arising  from  long  freight 
hauls   and   insuring  prompt   delivery   of   cylin- 


ders containing  compressed  oxygen  the  com- 
pany have  introduced  an  "exchange-sale"  sys- 
tem. For  the  convenience  of  the  company's 
clients  who  have  purchased  cylinders  from 
them — thereby  obtaining  the  benefit  of  re- 
duced rates  and  avoiding  rent  charges — the 
company  will,  if  so  desired,  supply  "full" 
cylinders  on  receipt  of  bills  of  lading  covering 
the  return  of  an  equal  number  of  similar 
"empties,"  providing  the  latter  have  been  de- 
spatched  freight   prepaid. 


HIGH    EFFICIENCY   OF  A    HYDRAULIC 
AIR    COMPRESSOR 

P.  Bernstein  in  Gliickauf  describes  and  dis- 
cusses the  operation  of  a  hydraulic  air  com- 
press, ,r  recently  installed  in  one  of  the  mines 
at  Clausthal.  It  replaced  a  piston  compressor 
driven  by  a  Pelton  wheel,  and  effected  a 
marked  saving  in  running  expense.  For  the 
following  abstract  we  are  indebted  to  The 
Engineering  and  Mining  Journal. 

The  arrangement  of  the  apparatus  is  shown 
in  the  accompanying  illustration.  A  flow  of 
water  in  the  tunnel,  t,  is  led  through  the  cast- 
iron  pipe,  (/.  of  2l8  mm.  diameter,  to  the  air 
suction  pipe,  h.  With  the  entrained  air,  the 
water  then  Hows  through  the  cast-iron  pipe,  c, 
2l8  mm.  diameter  and  150  m.  long,  which  is 
laid,  somewhat  crookedly,  down  an  inclined 
shaft.  The  water  discharges  into  the  bottom 
of  the  receiver  d,  1.1  m.  diameter  and  4.5  m. 
high,  which  rests  upon  an  I-beam  support  in 
the  shaft  at  a  depth  of  52  m.  below  the  level 
of  the  overflow  tunnel  at  u.  The  receiver  is 
provided  with  a  pressure  gage,  and  a 
pipe,  g,  which  passes  up  parallel  to  the  dis- 
charge pipe  and  enters  it  at  the  discharge  level. 

The  compressed  air  escapes  through  the 
valve,  e,  passing  then  into  the  reservoir,  i,  and 
thence,  through  the  80-mm.  pipe,  h,  to  the 
working  places  of  the  mine.  The  overflow 
water  passes  up  through  the  pipe,  f,  218  mm. 
diameter  and  50  m.  long,  to  the  level  u.  The 
construction  of  the  component  parts  of  the  ap- 
paratus is  shown  in  the  drawing.  By  the  pe- 
culiar construction  of  the  air  inlet,  which  cre- 
ates no  compression  of  the  water,  and  by  the 
avoidance  of  sharp  corners,  the  loss  of  head 
through  resistance  is  reduced  to  a  minimum. 

The  average  flow  of  water  through  the  sys- 
tem was  found  to  be  3  cu.  m.  per  min.,  which 
falling  through  the  distance  99.3  m.,  between 
the   intake   and   the    discharge    levels,    yielded 
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3000  kg.  x  99.3  m.,  -7-  4500  kilogram-meters  per 
min.,  or  66.2  h.  p.  In  order  to  test  the  effi- 
ciency of  the  installation,  at  full  capacity,  a 
test  was  made  during  which  the  flow  of  water 
was  measured  by  a  weir,  and  the  amount  of 
compressed  air  was  measured  by  the  filling  of 
a  receiver  of  known  capacity.  It  was  found 
that  5.2  cu.m.  of  water  per  min.,  falling  the 
99.3  m.,  afforded  10  cu.m.  of  air  per  min.,  at 
an  effective  pressure  of  5.1  atmospheres  (90 
lb.  abs.  per  sq.  in.).  The  work  required  to  com- 
press 1  cu.m.  of  air,  adiabatically,  to  5.1  effec- 
tive atmospheres  is  approximately  24,300  kilo- 
grammeters, so  that,under  the  above  conditions, 
the  compressor  was  performing  10  X  24.300 
-T-  4500,  or  54  h.p.  The  theoretical  power  of 
the  water  was  3200  X  99-3  -r-  4500,  or  70.5  h.p., 
showing  an  efficiency  of  77  per  cent. 

The  Pelton  wheel  had  an  efficiency  of  about 
75  per  cent,  including  in  the  computation  the 
water,  4  or  5  liters,  used  for  cooling  the  com- 
pressor, and  the  compressor  had  an  efficiency 
of  85  per  cent.,  so  that  the  combined  efficiency 
of  the  installation  that  was  displaced  by  the 
hydraulic  apparatus  was  only  64  per  cent,  as 
against  77  per  cent,  efficiency  of  the  new  in- 
stallation. Assuming  the  same  conditions  as 
in  the  above  mentioned  test,  the  older  combi- 
nation of  machines  would  have  yielded  only 
0.64  x  70.5  x  4500  -J-  24,300,  or  8.3  cu.m.  of  air 
per  minute. 

The  superiority  of  the  hydraulic  installation 
is  seen  not  alone  in  the  greater  capacity  and 
efficiency.  In  the  following  tables  are  com- 
pared the  cost  of  compressing  air  by  three  dif- 
ferent means,  viz.,  (1)  by  a  piston  compressor, 
belt-driven  from  a  water  turbine  consuming 
the  same  amount  of  power  as  the  hydraulic 
plant.  (2)  By  an  electric-driven  compressor 
of  the  same  capacity  and  using  the  same 
amount  of  power  as  the  hydraulic  plant.  (3) 
By  the  hydraulic  installation  itself. 

1.   Water-driven  Plant 
Investments : 

Belt-driven   compressor    $1,250 

Pelton  wheel,  complete   1,125 

Building,    foundations,    etc 450 


$2,825 
Interest  and  Depreciation  : 

Interest  on  plant  at  5  per  cent $    141 

Depreciation    of   machines   at    10   per 

cent . 238 

Depreciation  of  building  at  3  per  cent.  15 


Operating  expenses  : 

Wages  (night  and  day  shifts) 
Lubricants,  l/2  pound  per  hour. 
Repairs  and   waste    


600 

75 

75 


Total    annual    expense $1,144 

Assuming  6000  working  hours  per  year,  and 
an  output  of  7.8  cu.m.  per  min.,  the  year's  out- 
put by  the  above  arrangement  would  cost 
$0.38  per   1000  cu.  meters. 

2.  Electric-driven  Plant — Assuming  the  ef- 
ficiency of  the  compressor  to  be  0.90,  of  the 
belt  or  gear  drive,  0.95;  of  the  motor,  0.90; 
and  of  the  current  transformer,  0.950;  the 
total  efficiency  of  the  electric-driven  plant 
would  be  72,  per  cent.,  and  for  the  exertion  of 
54  h.p.  would  require  the  purchase  of  74  h.p. 
from  the  central  generating  station. 

Investments: 

Belt-driven    compressor $1,500 

Electric   motor,   70  h.p 1,200 

Buildings,    foundations,    etc 450 


$3,150 
Interest  and  depreciation : 

Interest  on  plant  at  5  per  cent $    158 

Depreciation    of    machines    at    10   per 

cent 315 

Depreciation  of  building  at  3  per  cent.        15 
Operating  expenses : 

Wages   (day  and  night  shift) 600 

Lubricants       95 

Repairs  and  waste   100 

Electric  power,  74  h.p.  for  6000  hr.  at 

l/2<i.  per  h.p.-hr 2,220 


Total  annual  expense    $3,503 

With  an  output  of  10  cu.  m.  per  min.,  the 
year's  output  by  the  above  arrangement  would 
cost  $0.98  per  1000  cu.  meters. 

3.  Plydraulic  Compressor — 

Investment : 

Compressor,    installed $3,750 

Interest  and  depreciation : 

Interest  at  5  per  cent 187 

Depreciation   at    5   per   cent 188 

Operating  expenses : 

Lost  wages  during  shutdowns    30 

Repairs      20 


Total   annual   expense    $42= 
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With  an  output  of  10  cu.m.  per  mil).,  the 
year's  output  by  the  hydraulic  compressor  cost 
only  $0.12  per  1000  cu.m.  It  may  be  .added 
that  10  cu.m.  of  air  at  5.1  effective  atmospheres 
is  equivalent  to  353  cu.ft.  at  a  pressure  of.  90 
lb.  abs.  per  sq.  inch. 


RESPIRATION     AND     ATMOSPHERIC 
IMPURITIES 

Mr.  W.  Thomson,  before  the  Manchester 
and  Salford  Sanitary  Association,  recently  de- 
scribed a  series  of  experiments  to  ascertain 
the  amount  of  carbonic  acid  in  the  air  in 
Manchester  (England),  and  in  various  build- 
ings under  different  conditions.  He  was  led  to 
made  these  experiments  by  a  request  for  some 
simple  device  for  estimating  the  carbonic  acid 
gas  in  public  and  other  buildings.  The  method 
he  recommended  was  that  of  forcing  air  into  a 
bottle  with  an  ordinary  pair  of  bellows  and 
submitting  it  to  a  simple  chemical  test. 

FOUL     AIR    IN     MANCHESTER     BUILDINGS. 

Mr.  Thomson  gave  the  results  of  the  analy- 
ses of  air  taken  in  a  number  of  schools  in  and 
near  Manchester.  For  purposes  of  compari- 
son, he  took  the  amount  of  impurity  that  is 
accepted  by  modern  architects  as  permissible 
in  buildings — viz.,  six  parts  of  carbon  dioxide 
in  10,000.  Samples  of  air  taken  in  Maccles- 
field schools  by  Mr.  Horsfall  contained  1.4, 
3.5,  and  6.1  parts  of  carbon  dioxide  in  10,000. 
Air  taken  in  some  Manchester  schools  yielded 
proportions  of  carbonic  acid  gas  as  follows: — 
St.  Matthew's,  Deansgate  (boys),  11.2;  St. 
Stephen's,  Hulme,  14.9  (girls)  and  11.7 
(boys)  ;  Crumpsall  Lane  School,  12.8  in  one 
room  and  8.3  in  another ;  while  in 
a  school  at  Openshaw  there  was  18.2  in  the 
boys'  room  and  11.5  in  the  girls'.  In  the 
Technical  School  there  was  6.5.  This  building, 
Mr.  Thomson  said,  was  one  of  the  best-ventil- 
ated in  the  city,  but  its  atmosphere  was  ob- 
jectionable to  many  people  on  account  of  its 
lack  of  invigorating  qualities.  He  thought 
this  was  due  fo  the  method  of  washing  the 
air. 

In  a  Methodist  Free  Church  near  Manches- 
ter the  air  after  service  contained  no  fewer 
than  44  parts  of  carbonic  acid  gas  per  10,000 
volumes.  Tests  made  in  a  large  concert  hall 
in  Manchester  showed  5.2  before  a  perform- 
ance and  1 1.2  after  one  and  a  quarter  hour. 
Tests   in    the    Manchester    Art    Galleries   gave 


10.3  in  one  room  and  8.6  in  another.  Three 
railway  compartments  yielded  12,  5.6,  and  21.5. 
Air  in  a  Manchester  tram,  7.2.  Old-fashioned 
houses  with  low  ceilings  in  the  country  gave 
figures  ranging  between  5.6  and  12.5 ;  new 
houses  between  5.9  and  10.4,  and  a  good  sized 
room  that  had  contained  four  persons  and 
three  gas  jets  for  il/2  hour,  22.  The  carbonic 
acid  gas  in  the  air  of  one  of  the  Manchester 
theatres  before  the  performance  was  measured 
as  5.9,  and  after  the  performance,  in  the  dress 
circle,  19.2. 

HUMAN    EXHALATIONS. 

From  these  tests  Mr.  Thomson  proceeded 
to  find  out  the  amount  of  carbonic  acid  gas 
exhaled  in  the  breath  of  different  people 
under  different  conditions.  The  amount  of 
carbonic  acid  in  the  breath  was  given,  he 
said,  in  books  on  physiology  as  about  4  or  5 
per  cent.  The  results  of  his  experiments 
showed  that  the  amount  of  carbon  dioxide 
which  a  man  breathed  out  depended  upon  the 
quality  of  the  air  by  which  he  was  surrounded. 
In  Manchester  he  breathed  about  4  per  cent., 
and  in  the  country  5  per  cent.,  so  that  it  would 
appear  to  be  necessary  to  take  about  one- 
fourth  more  food  in  the  country  than  was  suffi- 
cient in  town.  The  breaths  of  three  men  were 
tested.  In  Manchester  the  percentage  of  car- 
bonic acid  gas  given  off  by  each  was — A  4, 
B  3.8,  and  C  4.  At  the  Buxton  golf  links,  1,000 
feet  above  sea  level,  the  figures  were  5,  5.2, 
and  5.2,  and  after  they  had  played  eighteen 
holes  and  had  lunch  they  each  gave  4.8  per 
cent.  They  then  drove  to  the  Cat  and  Fiddle, 
1,700  feet  above  the  sea  and  there  A  gave  5.2, 
B  5.4,  and  C  5.4.  These  results  suggested 
that  the  amount  of  carbonic  acid  gas  exhaled 
was  influenced  by  altitude.  But  a  test  made 
at  Blackpool  did  not  sustain  the  theory.  Fur- 
ther experiments  showed  that  when  a  person 
went  from  Manchester  to  the  country  it  had 
the  effect  of  increasing  the  amount  of  carbonic 
acid  exhaled  to  a  percentage  higher  than  that 
found  in  the  case  of  people  permanently  re- 
siding in  the  country. 

WHEN    AIR    IS    HEATED. 

He  found,  too,  that  when  the  air  was  in- 
haled through  the.  mouth  the  breath  was  about 
.2  per  cent,  lower  in  carbon  dioxide  than  when 
the  nostrils  alone  were  used.  This  was  sug- 
gested to  him  that  if  the  air  were  artificially 
heated   a    still   greater   oxidization   would   take 
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place  in  the  body.  Air  heated  to  140  centi- 
grade was  breathed,  and  the  exhalation  con- 
tained 5.4  per  cent,  of  carbon  dioxide,'  whereas 
exhalation  of  ordinary  unheated  air  from 
the  same  person  gave  4.4.  The  average 
in  a  number  of  experiments  .  gave  4.1 
from  ordinary  air  and  5.1  from  heated 
air.  When  pure  oxygen  was  breathed  the  ex- 
haled air  gave  an  average  of  from  4.4  to  4.5, 
which  was  considerably  below  what  one  got 
from  breathing  in  the  country.  It  would  ap- 
pear, therefore,  that  country  air  was  better  for 
reviving  people  who  had  been  asphyxiated  or 
nearly  drowned  than  pure  oxygen,  and  that  a 
maximum  effect  would  be  obtained  from 
warmed  country  air  and  oxygen  com- 
bined. It  was  found,  however,  that  the  hot 
air  breathed  in  a  Turkish  bath  had  not  the 
same  effect  as  hot  air  breathed  when  the  body 
was  only  at  its  normal  heat. 

DRY  AND  DAMP  AIR. 

Experiments  were  also  made  as  to  the 
effects  of  dry  and  damp  air,  and  it  was  discov- 
ered that  thoroughly  dried  air  has  a  much 
more  powerful  oxidizing  influence  on  the 
blood  than  air  that  has  not  been  dried,  and 
that  this  effect  is  increased  by  heating  the  air. 
This,  Mr.  Thomson  suggested,  was  an  im- 
portant fact  to  consider  when  arranging  the 
ventilation  of  buildings.  Many  people  had 
noticed,  he  said,  that  the  air  of  the  House  of 
Commons  had  a  peculiarly  flat  taste.  It  was 
not  invigorating,  and  the  people  who  sat  in  the 
House  suffered  considerably  from  influenza. 
This  was  due  to  the  fact  the  air  forced  into 
the  House  was  washed  in  water. 


CENTRAL  COMPRESSED  AIR  SCHEME 
FOR    SOUTH    AFRICA 

[The  following  we  take  from  a  recent  issue 
of  the  South  African  Mining  Journal.  The 
general  lack  of  economy  in  contemporary  com- 
pressed air  practice  on  the  Rand  and  the  large 
demand  for  power  within  a  limited  area  there 
seem  to  afford  unusual  opportunity  for  the 
scheme  here  proposed  to  make  a  favorable 
showing.  Further  developments  will  be  looked 
for  with   interest.] 

Ever  since  central  power  stations  were  first 
mooted  on  the  Rand  far-seeing  engineers  have 
been  debating  the  possibility  of  extending  the 
principle  of  centralisation  to  our  costly  and  ad- 
mittedly inefficient  compressed  air  plants.    To- 


day we  are  in  a  position  to  announce  that  a 
scheme  to  establish  central  air  stations,  which 
has  been  two  years  in  the  making,  is  on  a  fair 
way  to  be  definitely  realized  at  an  early  date. 
With  its  power  supply  plans,  the  newest  cen- 
tralized electric  power  company  proposes  to 
include  compressed  air,  the  object  being,  of 
course,  to  relieve  the  mines  from  any  and 
every  necessity  to  generate  either  form  of 
power  for  themselves  by  the  comparatively  ex- 
travagant and  old-fashioned  methods  of  to-day. 
What  one  power  supply  company  can  do  no 
doubt  the  other  companies  can  and  will  do 
also.  Beyond  the  discussion  of  the  matter,  the 
other  power  supply  people  do  not  appear  to 
have  yet  done  anything  in  the  matter. 

To-day  the  resident  engineer  of  the  mine  is 
largely  responsible  for  the  generation  of  the 
whole  power  supply.  He  is  less  anxious  in  re- 
gard to  the  total  power  consumed  than  he  is 
in  regard  to  the  cost  per  unit  of  that  power. 
The  reason  for  this  is  simply  that  his  figures 
under  the  latter  head  are  capable  of  direct 
comparison  with  the  average  and  other  figures 
of  the  Rand ;  while  no  real  comparison  can 
possibly  be  drawn  between  the  wastage,  leak- 
age and  general  loss  of  power  on  the  various 
mines.  For  this  reason,  if  no  other,  consider- 
able economies  are  likely  to  attend  the  intro- 
duction of  a  purchased  air  power  supply  which 
can  be  measured  exactly  on  each  mine.  The 
same  argument  applies  with  equal  force  in 
favour   of   purchased  electric  power. 

THE     NEW      SCHEME. 

The  engineering  features  of  the  new  scheme 
are  full  of  interest.  Naturally  in  several  par- 
ticulars the  world-renowned  Paris  compressed 
air  system  will  be  followed  in  the  design  of  the 
plant.  In  many  respects,  however,  the  Paris 
plant  will  be  improved  upon  and  advantage 
taken  of  the  discoveries  of  modern  practice 
and  research.  The  Paris  plant  is  driven  by 
steam  power.  The  Rand  plant  will  be  driven 
by  electric  power  drawn  from  a  central  power 
station.  The  compressors  will  be  of  5,000  h.  p. 
capacity  each,  three-cylinder,  two  of  low  pres- 
sure, and  one  of  high.  Each  compressor  will 
have  two  2,500  h.  p.  motors  directly  connected 
to  its  crank  shaft.  The  motors  will  be  coupled 
together,  so  that  they  can  run  at  full  or  half 
speed  without  altering  the  number  of  the  poles. 
Any  variation  in  output  of  air  required  below 
these  two  variations  of  speed  will  be  dealt  with 
by  means  of  inlet  valves  of  the   Corliss  type, 
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operating  by  trip  gear  controlled  from  air 
pressures.  In  view  of  the  experiments  now  in 
progress  on  the  mines  to  determine  the  utility 
of  high  air  pressures,  the  compressors  will  have 
a  working  pressure  of  from  80  to  no  lbs.  per 
square  inch,  the  pressure  between  these  figures 
being  dependant,  of  course,  upon  the  require- 
ments of  the  mines.  The  intention  is  to  start 
with  two  chief  stations  on  the  Central  Rand — 
one  being  situated  in  the  Fordsburg  neighbour- 
hood;  the  other  at  a  point  half-way  to  Germis- 
ton.  Later,  as  other  areas  develop,  additional 
stations  will  be  put  down  at  central  points. 
All  these  stations  will  be  operated  from  a  cen- 
tral electric  power  station.  In  the  light  of 
recent  local  investigations  into  the  question  of 
airpipe  dimensions,  it  is  noteworthy  that  the 
pipes  to  be  used  on  the  proposed  scheme  will 
vary  from  28  inches  down  to  11  inches  in  di- 
ameter. Joints  will  naturally  receive  much  at- 
tention. These  will  be  ejectrically  welded — no 
flanges ;  no  threaded  socket  couplings ;  no  ex- 
pensive expansion  joints.  The  air  will  be 
measured  by  meter  at  the  mines,  and  the  lat- 
ter will  pay  by  weight  for  the  amount  con- 
sumed— power  actually  used,  of  course,  only 
being  charged   for. 

ELECTRIC    VS.    AIR    POWER    TRANSMISSION. 

To  the  layman,  though  not  to  the  engineer, 
it  will  be  news  that  it  has  been  proved  over 
and  over  again  that  it  is  cheaper  to  compress 
air  direct  at  a  central  station  and  convey  it  by 
pipes  to  the  various  mines,  than  simply  to  sup- 
ply electric  power  on  the  mines  to  drive  the 
various  compressors.  In  the  latter  case  it  has 
been  found  that  the  cost  of  plant  is  greater,  and 
the  losses  in  transformation  heavier.  At  one 
time,  it  was  considered  more  economical  owing 
to  saving  in  the  outlay  on  pipes  and  the  main- 
tenance of  a  uniform  pressure  in  the  mine  to 
transmit  the  air  at  very  high  pressure — 200  lbs. 
and  upwards — to  receivers  at  a  sub-station 
capable  of  storing  energy  for  a  large  number 
of  drills  for  an  hour,  and  then  to  reduce  the 
pressure  by  means  of  reducing  valves  before 
entering  the  service  pipes  to  the  mines  to  the 
usual  working  pressure.  This  method  has  been 
considered  in  the  present  case,  but  in  the  light 
of  recent  practice,  rejected. 

It  is  generally  believed  that  electricity  has  a 
much  superior  advantage  over  compressed  air 
for  transmission  purposes,  that  is,  that  there 
is  a  much  smaller  loss  of  energy  over  electric 
wires  than  through  pipe  lines.    Compressed  air 


has  been  badly  misrepresented  in  this  respect; 
this  loss  has  been  greatly  exaggerated,  and  the 
catalogues  of  air-compressing  machinery  com- 
panies have  not  improved  matters ;  in  fact,  they 
have  done  more  harm  than  good  as  regards 
the  interests  of  compressed  air.  The  tables 
published  in  air  compressor  catalogues  usually 
speak  only  of  the  loss  of  pressure ;  they  fail  to 
tell  us  that  the  loss  of  pressure  is  not  neces- 
sarily, or  to  the  same  extent,  a  loss  of  power. 
As  Frank  Richards,  in  his  work  on  "Com- 
pressed Air,"  says :  "The  actual  truth  is  that 
there  is  very  little  loss  of  power  through  the 
transmission  of  compressed  air  in  suitable 
pipes  to  a  reasonable  distance,  and  the  reason- 
able distance  is  not  a  short  one.  With  pipes  of 
proper  size  and  in  good  condition,  air  may  be 
transmitted,  say,  ten  miles,  with  a  loss  of  pres- 
sure of  less  than  one  pound  per  mile.  If  the 
air  were  at  80  pounds  gauge  or  95  pounds  ab- 
solute upon  entering  the  pipe,  and  70  pounds 
gauge  or  85  pounds  absolute  at  the  other  end, 
there  would  be  a  loss  of  little  more  than  10 
per  cent,  in  absolute  pressure,  but  at  the  same 
time  there  would  be  an  increase  of  volume  of 
11  per  cent,  to  compensate  for  this  loss  of 
pressure,  and  the  loss  of  available  power  would 
be  less  than  3  per  cent.  With  higher  pressures 
-till  more  favorable  results  could  be  shown." 
As  a  competitor  with  electricity  in  long  dis- 
tance transmission,  it  seems  almost  like  scien- 
tific heresy  to  claim  for  it  equal  if  not  greater 
efficiency  :  nevertheless  it  is  claimed  that  with- 
in the  20-mile  limit  [to  mile  radius?  Ed.  C.  A.] 
compressed  air  will  compare  in  efficiency  with 
electric  transmission,  while  so  far  as  operating 
and  maintenance  expenses  are  concerned,  the 
electric  proposition  is  not  to  be  compared  for 
a  moment  with  that  of  air.  Over  15,000  h.  p. 
of  mechanically  compressed  air  is  distributed 
to-day  throughout  the  city  of  Paris,  being 
transmitted  for  a  series  of  stations  from  three 
to  fifteen  miles  distant,  with  a  loss  of  10  pounds 
pressure  in   transmission. 

CHEAP     ELECTRIC     POWER. 

An  essential  requisite  of  a  successful  central 
air-compressor  scheme  is  cheap  electric  power. 
The  guarantee  of  this  in  the  case  of  the  Rand 
assures  the  commercial  success  of  the  project. 
It  also  points  to  the  fact  that  only  those  elec- 
tric power  companies  that  are  in  a  position  to 
supply  electric  power  at  an  extremely  low  fig- 
ure can  engage  in  the  sister-business  of  com- 
pressed  air   power   supply.      With    compressed 
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air  available  along  the  Reef,  it  is  possible  that 
this  agency  may  be  used  for  many  purposes  in 
addition  to  driving  rock-drills.  The  multiplic- 
ity of  uses  to  which  it  is  put  in  Paris,  and  the 
fact  that  it  is  a  harmless  medium  of  power 
transmission,  when  compared  with  electricity, 
makes  it  worth  attention  in  this  connection. 
The  essential  fact  is  that  the  new  system  will 
mean  a  great  saving  to  the  mines,  directly  and 
indirectly,  better  air  pressures,  more  scope  for 
resident  engineers  to  study  economy,  and  in 
the  last  resort,  improved  results  for  sharehold- 
ers. And  the  promoters  of  the  scheme  can 
congratulate  themselves  on  the  fact  that  theirs 
is  an  idea  which  the  best  engineering  brains  of 
the  Rand  have  pondered  and  recommended  for 
many  a  long  day. 


COMPRESSED     AIR     FOR    CLEANING 
GAS    CONDUITS* 

By  W.   1).  .Mount. 

Three  years  ago,  the  writer  had  occasion 
to  ask  for  proposals  on  a  battery  of  gas  pro- 
ducers, including  the  design  of  the  distributing 
conduit  and  branches. 

As  the  producers  were  to  supply  gas  to  fur- 
naces in  continuous  operation  over  long 
periods,  which,  for  efficient  working,  required 
very  uniform  conditions  of  heating,  the  ques- 
tion of  an  uninterrupted  flow  of  gas  of  uni- 
form quality  became  of  exceptional  importance. 
We  found  that  all  of  the  builders  of  producers 
could,  in  a  general  way,  meet  the  conditions 
of  uninterrupted  service ;  that  is,  it  would  be 
necessary  to  shut  the  gas  off  a  few  hours  once 
each  week,  and  clean  the  accumulated  soot  out 
of  the  conduits. 

Our  idea  of  continuous  service  was  some- 
what different.  It  did  not  mean  shutting 
down  once  a  week,  or  once  each  month,  hut 
meant  a  condition  of  operation  absolutely  with- 
out interruption  for  an  indefinite  period,  and 
we  finally  made  this  a  condition  of  our  ac- 
ceptance of  the  contract..  The  distributing 
conduits  had  to  be  designed  to  meet  existing 
conditions  of  space  and  apparatus  in  a  de- 
partment already  so  much  overcrowded  that 
a  duplicate  system  of  conduits,  one  to  be  in 
use  while  the  other  was  being  cleaned,  was 
entirely  out  of  the  question. 


*Presented  at  the  Detroit  meeting  (June, 
igo8),  of  the  American  Society  of  Mechanical 
Engineers.     (Somewhat  abridged.) 


In  placing  the  contract,  our  decision  war- 
not  based  altogether  on  the  merits  of  the  dif- 
ferent producers  offered,  but  largely  on  the 
method  or  system  of  cleaning,  and  a  design 
of  distributing  conduits  which  seemed  to  pro- 
vide the  greatest  facilities  for  meeting  the 
imposed  condition  of  uninterrupted  service. 
After  carefully  canvassing  the  designs  sub- 
mitted, a  contract  was  placed  with  the  Mor- 
gan Construction  Co.,  of  Worcester,  Mass., 
through  their  engineer,  Mr.  E.  A.  W.  Jeffries, 
M.  Am.  Soc.  M.  E.,  who,  to  quote  from  one 
of  his  letters,  was  confident  a  method  of  clean- 
ing the  conduits,  which,  because  of  conditions 
imposed,  was  the  most  important  function  to 
be  provided  for  adequately,  could  be  worked 
out,  hut  which  required  special  study,  and 
which  involved  some  features  not  heretofore 
fully  developed. 

I  may  say,  at  this  point,  that  the  congested 
condition  of  the  department  in  which  the  pro- 
ducer plant  was  to  be  installed,  as  well  as  the 
location  of  existing  apparatus,  precluded  the 
possibility  of  using  underground  conduits,  and 
made  it  necessary  that  an  overhead  system 
be  adopted. 

The  plan  of  action  arranged  for,  as  outlined 
by  Mr.  Jeffries,  consisted  in  providing  facili- 
ties in  the  way  of  openings  in  the  conduit  for 
blowing  depositions  of  soot  through  into  the 
stack,  by  means  of  steam  jets,  connections  to 
the  base  of  the  stack  being  arranged  for  from 
each  distributing  conduit.  The  above  out- 
lined operation  was  not  to  occupy  more  than 
15  minutes,  during  which  time  the  gas  was  to 
be  shut  off,  but  the  heat  in  the  furnace  was 
not  to  be  seriously  impaired.  The  condition 
of  uninterrupted  service,  it  is  to  be  noted,  was 
not  fully  met,  and  the  writer  was  confident  at 
the  time,  and  subsequent  developments  proved 
his  prediction  to  be  correct,  that  when  the  gas 
was  shut  off,  even  though  as  small  an  amount 
of  time  as  15  minutes,  it  meant  shutting  off  the 
product  from  the  furnaces,  or,  in  other  words, 
it  meant  an  absolute  shut  down  of  the  depart- 
ment during  the  operation  of  cleaning. 

The  producers  and  distributing  conduits, 
however,  were  installed  as  designed,  and  the 
proposed  method  of  cleaning  put  into  effect, 
with  the  exception  that  compressed  air  was 
used  in  place  of  steam.  Measured  by  experi- 
ence gained,  the  method  was  a  great  success, 
but  as  a  means  of  keeping  the  gas  conduits 
clean,  it  was  a  failure. 
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It  did  not  take  long,  however,  to  determine 
that  the  idea  was  all  right,  and  that  our  lack 
of  success  was  due  to  the  fact  that  the  facili- 
ties provided  in  the  design  for  applying  the  air 
or  steam  were  inadequate,  as  well  as  im- 
properly located. 

The  experience  gained  in  the  early  days  led 
finally  to  the  development  of  the  system  to  its 
present  form,  which  is  fully  detailed  in  the 
accompanying  sketches,  and  which  I  am  glad  to 
report,  has  been  so  successful  that  for  the  past 
18  months  we  have  never  for  a  moment  had 
the  gas  shut  off  from  our  distributing  con- 
duits for  the  .purpose  of  cleaning  out  the  de- 
positions of  soot.  The  method  and  apparatus, 
as  will  be  noted  from  the  drawings,  are  ex- 
tremely simple,  and  quite  out  of  proportion  to 
the  results  obtained. 

COMPRESSED    AIR    A     NECESSITY. 

We  have  so  much  confidence  in  compressed 
air  that  we  are  almost  inclined  to  believe  that 
it  is  one  of  the  things  essential  to  the  success- 
ful operation  of  the  method,  another  being  ac- 
cessibility to  the  main  conduit  and  its  branches. 
The  air  should  be  thoroughly  dry  and  at  not 
less  than  80  lbs.  pressure.  We  find  in  prac- 
tice that  the  connections  from  the  conduit  to 
the  base  of  the  stack  are,  for  cleaning  pur- 
poses at  least,  entirely  unnecessary.  The 
only  time  they  are  used  is  in  making  repairs 
on  the  conduits,  when  they  are  opened  for  the 
purpose  of  drafting  out  the  gas.  We  also  find 
that  about  75  per  cent,  of  the  soot  is  deposited 
in  the  drop  legs  immediately  behind  the  pro- 
ducers, the  balance  being  dislodged  by  means 
of  the  air  jet  from  the  brick  lining  and  car- 
ried along  with  the  current  of  gas  to  the  fur- 
naces where  it  is  almost  wholly  consumed. 

Referring  to  Fig.  1.  A  A  are  openings  in 
specially  designed  castings  (see  detail  A,  Fig. 
2)  spaced  along  the  top  of  the  conduit,  and  of 
the  same  depth  as  the  brick  lining.  C 
is  a  cast-iron  ball  of  a  diameter  sufficient  to 
close  the  opening  in  A  and  free  to  slide  on  the 
J.-2-in.  bent  pipe  B  (see  detail  of  C)  which  is 
connected  by  hose  to  the  air  main,  a  i-in.  pipe 
serving  also  as  one  of  the  hand  rails  along  the 
top  of  the  conduit. 

The  openings  A  A  are  spaced  at  a  distance 
nearly  equal  to  the  diameter  of  the  conduit 
(although  this  spacing  is  not  necessarily 
fixed),  which  we  have  found  by  experience  to 
be  about  right  for  effective  work,  and  in  any 


event  they  should  not  be  at  a  distance  exceed- 
ing 6  ft. 

The  bent  pipe  B  should  be  long  enough  to 
reach  all  parts  of  the  conduit  from  A  to  A. 
The  pipe,  however,  for  convenience  in  hand- 
ling cannot  be  over  8  ft.,  and  its  length,  there- 
fore, in  a  measure,  fixes  the  distance  from  A 
to  A.     Permanently  attached  to  the  end  of  the 


Air  Hose- 


I'AirPipe  and  Hand  Rail 


Longitudinal     Section . 


Cross  Section. 


Fig.    1. 


Main    Gas    Conduit   Arranged   for   Cleaning 
While  in  Operation. 


-  -  This  plug  to  replace  ball 
when  cleaner  is  uot  in  uae. 


Fig.  2.     Cleaning   Ho.le  Casting. 


Fig.  3.  Section  of 
Swivel  Ball  for  Air 
Pipe. 

CLEANING  GAS    CONDUITS. 

pipe  is  a  short  length  of  air  hose,  having  at- 
tached at  the  other  end  the  male  portion  of  a 
standard  >4-in.  Joy  coupling.  Located  along 
the  hand  rail  air  pipe,  at  distances  from  two 
to  three  times  the  distance  between  A  A,  are 
cocks  and  the  female  portion  of  the  Joy  coup- 
ling. Attaching  the  hose  to  the  air  main, 
therefore,  is  a  very  simple  matter  and  con- 
sumes a  minimum  of  time. 
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In   cleaning   we   begin   at   the   producer-   and 

work  toward  the  furnaces.  To  the  casual  ob- 
server it  would  seem  that  the  operator  did 
nothing-  more  than  stick  the  bent  pipe  through 
the  opening  A  and  turn  on  the  air.  This. 
however,  is  of  course,  tin-  most  insignificant 
part  of  the  operation.  It  is  necessary  that  the 
pipe  be  given  a  circular  motion,  which  will 
bring  its  discharge  end  in  contact  with  all 
parts  of  the  brick  lining  from  one  opening  to 
another.  A  careful,  conscientious  workman 
will,  in  a  little  time,  become  very  expert  in 
I  lie  operation,  and  when  the  work  is  properly 
done  it  can  he  absolutely  depended  upon  to 
remove  all   depositions  of  soot. 

In  conclm-1011,  it  is  only  necessary  to  say  that 
th  gas  is  not  shut  out  of  the  conduit  during 
the  operation  of  cleaning,  nor  is  its  flow  in 
any  way  checked.  The  producers  do  not  seem 
to  he  affected  in  the  slightest  degree;  in  fact 
cleaning  is  conducted  absolutely  without  inter- 
ruption to  producers,  conduits  and  furnaces. 
and  that  it  is  efficient  is  evidenced  by  the  fact 
that  when  our  conduits  have  been  opened  for 
repairs  we  have  always  found  them  clean  to 
the  brick  lining. 


AUTOMATIC  AND  CONTINUOUS  SAND 
BLASTING 

The  following  we  condense  from  a  recent 
issue  of  The  Foundry. 

Fig.  I  shows  an  automatic,  continuous  sand 
hlasting  arrangement  designed  for  the  cleaning 
of  large  quantities  of  small  castings.  There  is 
a  steel  plate  conveyor  which  carries  the  cast- 
ings beneath  the  sweeping  blast  from  a  series 
of  suspended  nozzles  which  have  a  rocking 
motion  with  suitable  arrangements  for  dis- 
posing of  the  castings  and  the  sand.  The  ap- 
paratus can  of  course  he  driven  from  any 
available  source  of  power.  Also,  as  the  entire 
apparatus  is  encased  and  an  exhaust  fan  pro- 
vided at  the  rear,  it  can  be  operated  without 
discomfort   in   the   foundry  itself. 

TRAVERSING    THE    BLAST. 

A  primary  and  important  feature  is  the 
moving  of  the  blast  jets  back  and  forth,  a 
principle  adopted  in  a  tumbling  barrel  de- 
signed by  Mr.  Drucklieb,  42  Reade  street,  New 
York,  whose  ideas  are  also  embodied  in  the 
present  apparatus.  The  reciprocating  move- 
ment of  the  nozzles  secures  uniform  treatment 
for  all  the  castings  which  pass  under  them. 

In  the  apparatus  here  spoken  of  a  number  of 


nozzles — dependei  t  upon  the  width  of  the  ma- 
chine and  the  rapidity  of  treatment  desired — 
are  fitted  to  an  iron  pipe,  which  is  suspended 
above  the  conveyor.  These  nozzles  at  their 
tills  are  about  '1  inches  from  the  surface  of  the 
plate:  they  are  inclined  slightly  toward  the 
rear,  as  the  resulting  deflection  of  the  blast 
by  the  plate  facilitates  the  cleaning  of  the  un- 
der side  of  the  casting  as  well  as  the  top.  This 
iron  pipe  is  closed  at  one  end  and  connects  at 
the  other  with  a  rubber  hose  running  to  the 
sand  blast  apparatus.  On  the  closed  end  the 
pipe  i-  niereK  hinged  to  a  support  built  up 
from  tin-  body  of  the  device,  hut  at  the  other 
there  is  provided  a  hell  crank,  to  which  a  re- 
ciprocating motion  is  imparted  by  a  disc  crank 
on  a  hanger  above,  or  by  a  motor  located  on 
the   to]>   of   the   housing. 

THE   CONVEYOR. 

The  castings  are  shoveled  onto  the  conveyor 
at  the  front  and  travel  through  the  machine  at 
any  desired  speed,  8  or  10  feet  a  minute  being 
the  usual  rate,  as  this  affords  ample  time  for 
the  sweeping  motion  of  the  blast  to  cover 
every  section  of  the  plate.  After  passing  un- 
der the  blast,  the  castings  fall  onto  an  inclined 
steel  plate,  through  the  perforations  in  which 
the  sand  falls  into  a  lower  bin  from  which  it 
can  he  taken  for  later  use.  An  upper  sand 
bin  is  located  just  beneath  the  path  of  the 
conveyor  plate  on  its  return  trip  and  catches 
whatever  sand  does  not  fall  to  the  lower  bin. 
The  castings  chute  leads  either  to  a  suitable 
box  beneath  the  machine  or  to  a  table  for  in- 
spection. 

For  the  most  part  it  will  be  found  that  one 
trip  under  the  sand  blast  is  sufficient  to  clean 
the  casting  on  both  sides.  Where  extremely 
uniform  results  are  required,  however,  it  is 
necessary  to  return  some  few  of  the  castings 
to  the  conveyor  for  further  treatment  of  the 
under  side.  It  is  the  usual  practice  abroad, 
where  automatic  cleaning  devices  are  em- 
ployed, to  return  practically  all  castings  for  a 
second  treatment,  one  common  arrangement 
being  to  place  them  on  a  table  revolving  be- 
neath a  blast  and  station  a  workman  at  one 
side  to  turn  all  passing  before  him  that  re- 
quire it  and  to  put  on  and  remove  the  castings 
as  needed  to  maintain  continuous  operation. 

The  chamber  in  which  the  cleaning  is  done 
is  almost  entirely  encased,  the  opening  in  he 
front  being  high  enough  only  to  admit  the  load 
of  castings  on  the  convevor.     The  direction  of 
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FIG  I,  PLAN,  SECTIONAL  AND  FRONT  VIEWS  OF  AUTOMATIC  SAND  BLAST  DEVICE. 


the  blast  is  toward  the  rear  and  this,  with  the 
draft  of  the  exhaust  fan,  carries  off  the  dust 
and  dirt  commonly  encountered  in  sand  blast 
practice,  rendering  the  operator  free  from  dan- 
ger and  discomfort. 

CLEANING    LARGE    CASTINGS. 

Where  a  considerable  number  of  large  cast- 
ings of  similar  type  are  to  be  cleaned,  an  ar- 
rangement of  sand  blast  equipment,  also  de- 
signed and  built  by  C.  Drucklieb,  offers  some 
remarkable  advantages  in  ease  and  speed  of 
handling  and  in  economy  of  floor  space,  all 
factors  of  importance  in  the  brisk  competition 
of  present  day  foundry  operations.  In  the  in- 
stallation shown  in  Figs.  2  and  3,  which  has 
been  in  use  for  some  time  with  signal  success 
in  several  forms,  heavy  car  coupler  castings 
are  treated. 

In  the  corner  of  the  foundry,  not  far  from 
the  heating  furnace,  is  located  a  battery  of 
three  hooded  sand  blasts,  so  arranged  that  a 
single  trolley  line,  with  proper  switching  fa- 
cilities, serves  them  a'll  without  confusion  or 
delay.  As  they  come  from  the  furnace  the 
castings  are  transferred  to  the  cooling  floor, 
where  they  remain  until  they  lose  their  color 
and  are  sufficiently  cool  for  sand  blast  work. 
One  of  the  castings  is  then  picked  up  b\    tongs 


attached  to  a  trolley  and  swung  around  to 
one  of  the  blasts,  entering  through  an  open- 
ing in  the  side  and  a  slit  in  the  roof  of  the 
case.  The  front  is  open,  and  through  this  the 
operator  applies  the  blast,  operating  a  nozzle 
by  hand.  The  casting  hangs  on  a  swivel  and 
when  the  front  is  treated  it  is  swung  partly 
around   with   a   hook   and  the   other   sides  are 
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FIG  III,  THREE  SAND  BLAST  MACHINES. 

cleaned.  After  the  outside  treatment  is  com- 
pleted the  hollow  center  is  cleaned  by  a  blast 
from  beneath,  the  valve  of  which  is  operated 
by  a  pedal. 

Just  below  the  lower  level  of  the  casting  a 
wire  screen  of  yi  inch  mesh  is  provided  to 
catch  the  heavier  particles  blown  off,  the  sand 
dropping  through  into  a  bin  equipped  with  a 
slide  gate.  The  front  of  the  device  is  open, 
except  for  a  small  guard  for  the  operator's 
eyes  at  the  top,  but  the  three  hoods  connect 
at  the  back  with  an  exhaust  fan  system,  and 
all  dust  is  taken  care  of  in  this  manner.  The 
process  is  continuous,  the  castings  swinging 
through  the  cleaners  and  passing  to  the  stor- 
age and  inspection  floor  in  a  complete  circuit 
without  any  reversal  of  direction. 


THE    NIAGARA    SAND    BLAST 

The  Niagara  sand  blast  must  commend  it- 
self first  of  all  by  its  simplicity.  Fig.  1  shows 
the  entire  apparatus.  It  cleans  castings  fresh 
from  the  mold,  or  just  as  readily  removes 
scale,  rust  or  paint  from  metal  of  any  kind  and 
it  uses  the  common  shop  air  pressure  of  80 


FIG  I,  NIAGARA  SAND  BLAST. 

to  90  lbs.  The  device  speaks  for  itself  as  to 
simplicity  and  as  here  shown  it  weighs  but 
5  lbs. 

No    sand    tank     is    required.       Sand     sifted 
through   a  screen  having  an   1-8  inch  mesh  is 


used;  the  coarser  the  sand  the  better.  It  is 
siphoned  direct  from  the  ground,  or  from  a 
pit,  pail  or  barrel,  and  the  sand  once  used 
needs  only  to  be  sifted  to  be  used  over  and 
over.  The  ends  are  fitted  for  1%  inch  hose. 
The  suction  should  not  be  over  five  feet  long, 
and  it  should  be  weighted  at  the  end  to  hold 
it  steadily  in  position.  Should  a  stoppage  oc- 
cur from  any  cause  the  passages  are  instantly 
cleared  by  pressing  the  nozzle  against  a  firm 
surface  and  then  turning  on  the  air  pressure. 
The  air  is  thus  backed  up  through  the  sand 
hose,  removing  whatever  may  be  lodged  there. 


FIG  II,  NIAGARA  PAINTER. 

The  Niagara  Painter,  Fig.  2,  is  the  same  as 
the  sand  blast  in  its  principle  of  operation.  For 
this  a  J^-inch  suction  hose  is  used  and  this  also 
should  be  not  over  five  feet  long.  Should  the 
pop  valve  be  too  loose  it  should  be  packed  to 
suit.  To  back  the  air  into  the  receptacle  hold- 
ing the  paint  for  the  purpose  of  stirring  it  up, 
all  that  is  necessary  is  to  place  the  hand  over 
the  discharge  nozzle  at  the  same  time  opening 
the  pop  valve.  This  operation  may  also  be 
employed  for  cleaning  the  tool  if  the  suction 
hose  is  removed  from  the  paint  pail.  These 
devices  are  manufactured  by  the  Niagara  De- 
vice Company,  Buffalo,  N.  Y. 


THE 


ZINC 


STEAM"    SHOVEL    IN 
MINING 

The  Steam  Hammer  will  probably  never  be 
known  by  any  other  name,  although  a  large 
and  rapidly  increasing  number  of  such  ham- 
mers are  now  being  operated  by  compressed 
air.  The  steam  dredge  also  has  its  name  fixed 
for  life,  but  we  show  here  a  "steam"  dredge 
which  is  driven  by  compressed  air.  The  half- 
tone and  the  description  following,  by  Otto 
Ruhl,  we  reproduce  from  The  Mining  World. 
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The  first  steam  shovel  ever  used  in  zinc  min- 
ing has  been  introduced  into  the  Missouri- 
Kansas  district  by  the  American  Zinc,  Lead 
and  Smelting  Co.  in  its  mines  at  Prosperity. 
This  shovel  is  being  utilized  in  the  No.  2  shaft 
at  a  depth  of  200  ft.  from  the  surface,  in  a 
drift  15  ft.  high.  The  shovel  has  now  been  in 
use  about  four  months  and  has  been  tried  out 
very  carefully. 

The  machine  was  designed  by  Capt.  R.  Thew 


crane  is  attached  to.  the  platform  of  the  ma- 
chine at  its  base,  and  is  supported  from  its 
outer  end  by  heavy  truss  rods. 

Upon  the  platform  there  are  three  engines, 
one  of  which  drives  the  drum  which  elevates 
the  shovel  at  the  end  of  the  crane,  a  second 
which  pushes  the  arm  that  holds  the  shovel, 
while  the  third  engine  revolves  the  platform 
so  that  the  shovel  may  be  worked  in  any  direc- 
tion.    Each   engine  is   run  by  compressed  air. 


.rue  ti/Ntno  nd/n-o 


AIR  OPERATED  STEAM 

of  Loraine,  Ohio,  who  spent  some  time  in  the 
mines  of  the  American  Zinc,  Lead  and  Smelt- 
ing Co.  studying  the  conditions  to  be  met  in 
the  construction  of  the  steam  shovel.  The  ma- 
chine is  much  like  the  ordinary  steam  shovel, 
the  crane  being  18  ft.  long  and  constructed  of 
steel. 

At  the  extreme  end  of  the  crane  the  steel 
cable  attached  to  the  shovel  for  lifting,  runs 
over  a  pulley  down  the  length  of  the  crane  to 
a  revolving  drum  actuated  by  an  engine  which 
is  under  the  control  of  the  operator.  As  a 
part  of  the  crane  there  is  a  second  arm  which 
works  upon  a  slide  bearing  and  hinges  in  it 
at  one  end.  Upon  the  other  end  of  the  arm 
is  fastened  the  shovel  proper.  This  arm  is 
actuated  by  a  chain  belt  which  will  shove  it 
outward  into  the  ore,  or  pull  it  backward.  The 


SHOVEL  IN   A   ZINC   MINE. 

All  the  machinery  is  shut  in  by  thick  heavy 
steel  plates  which  act  as  an  .armor,  thus  pro- 
tecting the  delicate  working  parts  from  flying 
rocks  when  any  blasting  is  done.  The  levers  for 
the  control  of  the  three  engines  are  at  one 
side  of  the  machine  so  that  one  operator  may 
have  full  control  of  the  shovel.  All  the  ma- 
chinery is  rigidly  fixed  upon  a  revolving  plat- 
form, which  is  built  very  strong  and  heavy, 
and  is  supported  by  heavy  trucks  to  hold  the 
immense  load,  amounting  to  several  tons.  The 
machine  can  be  moved  from  drift  to  drift  by 
its  own  traction,  one  engine  being  used  for 
this  purpose.  It  is  not  moved  on  tracks,  but 
heavy  boards,  which  are  placed  under  the  wide 
tired  wheels  to  furnish  a  smooth  surface. 

The   machine   is   built   entirely  of   steel,   and 
will    wear    a    long    time.      The    dipper    of    the 


5oSo 


COMPRESSED  AIR  MAGAZINE. 


shovel  has  a  locking  bottom,  and  the  operator 
dumps  by  pulling  a  rope.  When  the  shovel 
is  again  lowered  the  bottom  is  self-adjusting. 
A  set  of  strong  steel  teeth  are  attached  to  the 
mouth  of  the  dipper  to  aid  in  gathering  up 
boulders.  These  can  be  easily  replaced  at 
slight  expense  and  prevent  the  dipper  from 
hard  wear. 

The  machine  has  not  been  in  operation  long 
enough  to  fully  test  its  capacity,  though  it  has 
handled  from  200  to  300  cans  of  material,  hold- 
ing 1,200  to  1,500  lbs.  This  is  equivalent  to 
250  to  450  cans  of  the  ordinary  1,000-lb.  size. 
Each  shovel  takes  up  from  600  to  700  lbs.  of 
ore,  and  two  shovelfuls  are  required  to  fill  a 
can.  One  advantage  in  this  system  is  that 
there  are  no  "windies"  (cans  only  partly 
filled),  every  can  being  filled  entirely,  which 
adds  to  the  efficiency  of  operation. 

The  cost  of  operating  this  machine  is  about 
equal  to  30  hp.  for  power,  or  sufficient  air  to 
run  two  machine  drills.  Two  men  are  re- 
quired to  operate  the  machine,  one  to  handle 
the  shovel  and  one  to  break  boulders  and  get 
the  dirt  in  position  to  be  taken  up.  A  large 
amount  of  dirt  can  thus  be  handled,  providing 
too  much  time  is  not  lost  in  moving  the  ma- 
chine from  drift  to  drift,  which  is  quite  an  un- 
dertaking. If  the  machine  is  kept  close  to  a 
large  number  of  drifts  the  work  will  be  con- 
tinuous and  can  be  accomplished  at  low  cost. 

The  steam  shovel  cannot  be  operated  in 
every  mine,  as  certain  conditions  have  to  be 
met.  The  minimum  height  of  roof  is  14  ft., 
and  work  in  a  lower  drift  would  be  impossi- 
ble, unless  the  machine  were  remodeled  and 
the  present  form  greatly  changed.  Thus,  only 
a  few  sheet-ground  mines  could  operate  the 
shovel,  as  most  of  them  have  roofs  from  7  to 
9  ft.  high.  Another  limitation  is  that  the  ma- 
chine could  not  be  operated  where  pillars  are 
placed  close  together,  as  a  swing  of  25  to  35 
ft.  is  necessary.  Thus,  in  soft  ground  where 
there  are  many  timbers  the  shovel  could  not 
be  used  at  all. 


The  highest  head  power  plant  in  the  world 
has  been  designed  for  a  Norwegian  factory. 
The  total  head  is  3,287  feet,  the  water  being 
taken  through  a  seven-mile  tunnel  from  a  lake 
3,536  feet  above  sea  level  to  supply  six  tur- 
bines of  from  12,200  to  14,600  horsepower  each, 
with   direct  connected  generators. 


AIR-DRILLS  AND  THEIR  EFFICIENCY 

By    Samuel   K.    Patterson. 

Probably  no  branch  of  engineering  develop- 
ment is  (in  a  par  to-day  with  that  of  air-drill 
Operation  in  mi  the  standpoint  of  inadequate 
efficiency.  The  introduction  of  the  air-drill  in 
mining  and  as  an  industrial  factor  for  other 
purposes  was  a  great  step  in  advance  and  rep- 
resented  considerable  progress  in  engineering 
development,  but  since  that  time  air-drills 
themselves  have  made  little  or  no  progress  in 
efficiency.  Many  of  the  ordinary  facts  or  phy- 
sical data  essential  for  their  operation  are 
practically  unknown,  and  this  is  due  as  much 
to  the  lack  of  adequate  methods  for  their  de- 
termination as  to  any  other  reason.  Thus, 
even  the  question  of  what  is  meant  by  effi- 
ciency of  an  air-drill  is  debatable  ground.  The 
average  manufacturer  will  say  that  it  depends 
upon  the  initial  air-pressure,  air-consumption, 
and  rate  of  drilling,  but  that  no  adequate  or 
scientific  conception  of  the  same  is  possible  or 
at  hand.  It  is  a  generally  accepted  theory  that 
air-drills  in  actual  operation  work  best  with 
an  air  pressure  of  80  to  100  lb.  Some  extend 
this  to  150  lb.  initial  pressure.  The  air-con- 
sumption varies  with  the  size  of  the  drill,  but 
for  the  average  drill  it  is  approximately  100  to 
150  cu.  ft.  of  free  air  per  minute,  compressed 
to  80  or  100  lb.,  taking  the  full  supply  availa- 
ble from  an  average  8  by  8-in.  compressor. 
Until  recently  the  speed  of  such  drills,  or  the 
number  of  blows  per  minute,  was  variable  and 
practically  unknown,  and  the  foot-pounds  of 
the  blow  has  been  determined  in  rare  instances 
only.  No  indicator  diagram  of  the  action  in 
the  cylinder  has  ever  been  made  or  is  obtain- 
able with  the  ordinary  indicator  on  account  of 
the  inadequacy  of  this  mechanism  for  such 
speeds,  and  because  of  the  high  corrective  fac- 
tor due  to  inertia  and  to  the  velocity  of  its 
parts.  The  action  of  the  valves,  and  the  effect 
of  the  port  in  reducing  the  air-pressure,  are 
largely  a  matter  of  conjecture. 

All  drills  for  mining  purposes  can  be  divided 
essentially  into  two  classes,  those  in  which  the 
valves  operate  by  mechanical  means  imparted 
by  the  motion  of  the  piston  itself,  and  those 
operated  by  a  differential  air-pressure  pro- 
duced in  various  ways.  The  position  of  the 
valve  is  apparently  determined  largely  by 
question  of  convenience  in  design  from  an  op- 
erative and  constructive  viewpoint,  rather  than 
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from  the  view  of  efficiency  or  air-consumption. 
The  Ingersoll-Rand  pneumatic  hammers  and 
drills  have  a  valve  operating  by  differential 
air-pressure  at  right  angles  to  the  motion  of 
the  piston,  and  installed  in  the  handle  of  the 
device  or  at  one  end  of  the  piston-cylinder. 
This  necessitates  comparatively  long  ports  for 
the  action  of  the  hammer  or  drill  during  a 
portion  of  its  stroke.  The  Rex  pneumatic  air- 
drill  possesses  a  mechanically  operated  valve 
installed  in  a  cylinder  parallel  to  that  of  the 
piston  proper,  and  possesses  much  wider  ports 
and  equally  distributed  passages.  The  Mc- 
Kiernan  drill  possesses  features  of  both  types, 
with  a  side  valve-chamber  operated  by  differen- 
tial air-pressure.  Other  types  are  more  or  less 
similar,  and  the  data  herein  given  refer  more 
especially  to  the  average  drill  used  in  mining. 
Air-driven  hammers,  saws,  augers,  riveting 
machines,  and  a  number  of  other  devices,  fall 
equally  in  this  category,  but  their  range  is  so 
wide,  and  their  variability  so  great,  that  they 
have  not  been  considered.  However,  all  the 
conditions  which  hold  in  this  particular  type 
hold  equally  well  in  regard  to  the  majority  of 
air-driven  tools  where  the  frequency  of  the 
device  operated  is  of  such  a  character  as  to 
preclude  the  utilization  of  the  ordinary  appli- 
ances in  their  measurement. 

The  ordinary  steam  indicators  as  used  in 
the  indication  of  steam  units,  pumping  ma- 
chinery, ammonia  and  air-compressors,  are  in- 
adequate as  instruments  of  precision  in  this 
particular  field.  In  fact,  no  satisfactory  indica- 
tor for  high-speed  gas-engines  is  as  jet  avail- 
able. Equal  conditions  hold  in  regard  to  high 
speed  steam  engines,  especially  those  direct- 
connected  to  electric  generating  units,  and  the 
necessity  for  a  satisfactory  indicating  device 
where  the  problems  of  inertia  and  rigidity  have 
been  satisfactorily  met  for  these  speeds  will 
undoubtedly  prove  as  great  a  boon  in  the  utili- 
zation of  compressed-air  as  in  the  production 
of  power  by  any  kind  of  the  high-speed  en- 
gines. In  regard  to  the  action  of  compressed 
air  in  an  air-drill  it  is  assumed  to  be  somewhat 
similar  to  that  of  steam  in  reciprocating-pump 
machinery.  No  cut-off  exists  in  either  type, 
and  the  pressure  is  supposed  to  be  maintained 
more  or  less  constant  throughout  the  stroke. 
However,  the  use  of  indicators  or  pressure- 
gauges  direct-connected  to  the  cylinder  of  air- 
drills  registers  a  fall  in  pressure  of  from  20  to 
40  per  cent,  over  that  existing  in  the  hose  and 


valve-chamber,  and  whether  this  is  due  to  in- 
adequate s.ize  of  ports  or  is  in  reality  a  meas- 
ure of  the  average  or  mean  effective-pressure 
is  unknown.  Only  recently  has  this  drop  in 
pressure  in  the  air-cylinder  of  the  drill  become 
generally  known,  and  a  more  thorough  study 
of  the  phenomenon  is  being  undertaken. 

Again  it  has  been  the  generally  accepted  dic- 
tum among  air-drill  operators  and  superin- 
tendents that  air-drills  operate  at  a  maximum 
efficiency  of  from  80  to  150  lb.  air-pressure. 
That  such  drills  should  operate  more  efficient- 
ly at  higher  pressures  is  a  reasonable  conclu- 
sion if  faults  of  design  do  not  enter.  It  is  also 
reasonable  to  assume,  within  certain  limits, 
that  a  given  drill  should  possess  a  maximum 
efficiency  at  a  given  initial  air-pressure,  due 
equally  to  details  of  design  and  operation. 
However,  the  statement  that  all  air-drills  are 
limited  in  their  maximum  efficiency,  independ- 
ent of  design,  to  certain  values  in  initial  air- 
pressure  is,  if  correct,  undoubtedly  due  to 
faults  in  the  design  and  operation  of  such 
types.  The  use  of  differential  air-pressure  in 
the  operation  of  the  valve,  with  this  differen- 
tial air-pressure  obtained  by  allowing  the  di- 
rect ejection  of  a  portion  of  the  air  into  the 
atmosphere  through  an  intermediate  air- 
chamber  at  one  end  of  the  valve-piston,  is  not 
only  an  extremely  wasteful  device  for  the 
operation  of  the  piston,  but  is  an  unnecessary 
one  as  well.  It  has  also  been  the  generally  ac- 
cepted conception  of  engineers  that  all  drills 
other  than  compressed-air  drills  have  been 
tried  and  proved  unsatisfactory.  While  un- 
doubtedly this  may  lie  true  under  present  con- 
ditions, that  it  is  a  necessary  condition  is  by 
no  means  a  foregone  conclusion. 

The  type  of  drill  in  which  the  air  is  com- 
pressed by  electrical  means  in  the  immediate 
vicinity  of  the  drill  cylinder,  to  be  used  at 
once,  represents  a  possible  development  along 
lines  possessing  considerable  advantages. 

[This  allusion  to  the  Electric  Air  Drill  is 
misleading.  It  is  in  a  class  by  itself  and  not 
comparable  as  to  mode  of  operation  with  drills 
.  as  ordinarily  driven  by  compressed  air.  Its 
constituent  compressor,  so  called,  is  more  cor- 
rectly a  pulsator,  and  its  reduction  of  pressure 
upon  one  stroke  is  a  function  as  essential  as  its 
compression  upon  the  other  stroke.     Ed.  C.  A.] 

The  condition  of  affairs  may  be  summed  up 
in  the  statement  that  our  knowledge  of  operat- 
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ing  conditions  in  the  utilization  of  compressed 
air  in  the  average  air  drill,  and  in  other  air 
drills,  is  essentially  inadequate,  and  more  com- 
plete information   is   highly   desirable. 


COM  M  ERCIAI.   EFFICIENCY. 

Mechanical  efficiency,  however,  is  in  reality 
a  matter  of  minor  significance  in  the  operation 
of  air  drills  in  comparison  with  that  involved 
in  a  consideration  of  the  factors  affecting  the 
commercial  efficiency.  Thus,  the  labor  cost 
and  other  items  are  such  in  the  operation  of 
air  drills  that  the  efficiency  of  a  drill  is  meas- 
ured in  reality  by  the  time  of  boring,  and  is 
practically  independent  of  air  consumption  in 
the  choice  of  a  type.  The  drill  which  has  a 
small  percentage  increase  in  the  rate  of  dig- 
ging can  in  reality  consume  several  times  the 
quantity  of  air  in  its  operation  and  still  be 
more  efficient,  on  the  commercial  side,  than 
the  more  efficient  mechanical  type  in  the  ac- 
tual operation  of  the  drill  itself. — Mining  and 
Scientific  Press,  San  Francisco. 


THAWING    EXPLOSIVES 

The  following  is  noted  from  a  paper  by  Mr. 
P.  N.  Denison,  read  at  the  Toledo  conven- 
tion of  the  Ohio  State  Stone  Club : 

During  the  year  ending  June  30,  1906,  we 
find  the  item  "thawing  dynamite"  second  in 
the  list  of  accidents  occurring  in  the  use  of 
explosives.  Sixty-six  accidents  due  to  thaw- 
ing, with  thirty-two  fatalities,  and  I  venture 
to  say  nine-tenths  of  them  could  have  been 
prevented  had  proper  care  been  exercised  in 
the  thawing. 

The  following  table  from  the  British  Gov- 
ernment report  covers  all  accidents  from 
thawing  from  the  year  1872  to  December  31, 
1905.  Every  method  mentioned  is  contrary  to 
law  in  England : 

1  Heating    over    fire 38 

2  Reheating  water  in  which  dynamite  had 

been  previously  placed  to  thaw 11 

3  Placing    the    explosives    in    water,    then 

heating   that   over   a   fire 10 

4  Placing     the      dynamite     cartridges     in 

ovens     8 

5  Thawing  cartridges  in  the  hands  over  a 

lighted   lamp   or   candle 7 

6  Placing  dynamite  in  hot  ashes 7 

7  Warming  on  a   shovel  over  a  fire 5 


8  Placing    cartridges    on    top    of    heated 

stone    5 

9  On  a  hot  iron 4 

10  On   a   steam  pipe 2 

11  Rubbing    cartridges    together    to    warm 

them   by  friction 1 

Our  record  shows  nearly  as  many  accidents 
in  twelve  months  as  England  had  in  thirty- 
four  years. 

Frozen  dynamite  is  a  dangerous  article  to 
handle.  The  nitro-glycerin  is  crystallized. 
(  Opening  the  end  of  a  cartridge,  you  see  the 
bright  little  specks  that  look  like  mica,  and 
these   crystals  are   sensitive  to   friction. 

In  the  United  States  from  July  1,  1905,  to 
I  in  le  ,}0,  1906,  five  accidents  were  reported 
from  "breaking  cartridges  in  two."  A  man 
was  killed  at  Bellevue,  Del.,  by  breaking  a 
frozen  cartridge  of  60  per  cent.  N.  G.  powder 
in  his  hands.  This  practice  is  prohibited  by 
law  in   Austria. 

A  blaster  in  this  State  was  killed  by  tamp- 
ing improperly  thawed  gelatin  dynamite  with 
a  wooden  bar.  He  was  tamping  the  first 
couple  of  sticks  when  it  exploded  and  blew 
the  tamping  bar  through  his  body. 

At  Mitchell,  Ind.,  last  winter  a  man  was 
killed  when  attempting  to  open  a  box  of  fro- 
zen dynamite  with  an  ax  or  pick.  Ordinarily. 
however,  frozen  dynamite  is  hard  to  detonate; 
in  no  case  do  you  get  its  full  strength,  and 
when  but  chilled  a  great  per  cent,  of  its 
strength  is  lost.  Therefore  it  is  necessary  to 
thaw  this  explosive,  and  now  we  come  to  the 
actual  work  in  preparing  for  a  shot  in  cold 
weather. 

I)o n't  thaw  the  cartridge  in  hot  water.  I 
find  this  a  common  but  very  poor  practice.  It 
injures  the  explosive  power  by  killing  the 
effect  which  should  be  had  from  the  soda  in- 
gredient, the  paraffine  coating  is  washed  away, 
and,  N.  G.  being  heavier  than  water,  there  is 
always  the  chances  for  a  remaining  puddle  of 
"soup,"  as  the  safe  experts  call  it,  to  cause  an 
accident.  -  Also  the  water-soaked  cartridges 
present  an  easier  target  for  Jack  Frost  than 
those  thawed  in  a  dry  atmosphere. 

To  thaw  by  throwing  live  steam  against 
dynamite  presents  nearly  the  same  problem 
as  that  of  hot  water. 

Don't  thaw  over  live  steam  pipes,  on  hot 
iron,  around  an  open  fire  or  on  the  boiler. 
The   last   named  "don't"  claimed  a  victim  last 
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winter  at  a  Kalida,  Ohio,  quarry.  Dynamite 
thawing  on  top  of  the  boiler  exploded  and 
killed    the   engineer. 

For  thawing  large  quantities  of  dynamite, 
a  thaw-house  heated  by  hot  water  pipes,  the 
radiators  being  at  the  back  or  sides  of  the 
building  and  protected  by  a  wooden  partition, 
is  by  far  the  safest  method.  If  it  is  arranged 
that  the  cartridges  may  be  laid  out  on  grooved 
shelves,  each  stick  by  itself,  so  much  the  bet- 
ter, for  each  will  then  obtain  a  uniform  and 
regular  heat  and  insure  best  results. 

Fur  small  quantities  there  are  several  safe 
methods  of  thawing,  just  as  easy  and  no  more 
expensive  than  some  of  the  dangerous 
methods  now  in  vogue,  and  I  cannot  see  why 
they  are  not  generally  used. 

For  instance,  a  man  will  take  a  bucket,  fill 
it  with  dynamite  cartridges  and  pour-  hot 
water  over  them.  When  they  are  good  and 
slush\'  he  takes  this  mush  out.  pours  it  in  the 
drill-holes,  gets  a  bad  shot,  and  either  jumps 
all  over  the  dynamite,  or  explains  it  by  say- 
ing his  stone  is  changing  and  the  bottom  is 
harder  to  shoot.  Why  can't  he  take  the 
bucket  filled  with  dynamite,  then  loosen  up 
and  buy  a  larger  bucket  to  hold  the  water  ? 
Place  the  smaller  bucket  within  the  larger  and 
cover  with  rags  or  anything  to  hold  the  heat. 
There  you  have  a  perfectly  safe  thawer,  "your 
dynamite  is  in  the  best  of  shape,  and  you  save 
much  of  its  explosive  force.  It  can  be  carried 
to  the  shot  and  loaded  direct,  thereby  mini- 
mizing the  chances  of  being  chilled. 

There  are  thaw-kettles  on  the  market,  built 
on  much  the  same  plan,  which  can  be  pur- 
chased from  any  explosive  manufacturer. 

For  somewhat  larger  quantities,  use  a  barrel 
for  the  hot  water  and  a  milk  can  for  the  dyn- 
amite. 

Manure  makes  a  good  thawer  where  the 
quarry  is  so  situated  that  a  supply  can  lie  kept 
up.  The  thawing-house  should  be  covered  to 
a  depth  of  two  feet  which  will  generate  a 
good  heat.  Authorities  differ  on  the  length 
of  time  manure  will  hold  its  heat-giving  qual- 
ities. Some  say  two  or  three  weeks,  while 
others  claim  the  same  manure  covering  will 
give  out  heat  all  winter  long.  The  contrac- 
tors on  the  Xew  York  subway  work  used 
this  method  generally,  burying  a  box  sufficient 
to  hold  three  or  four  cases  of  dynamite,  in 
manure,  then   dug  it  out   when  needed,     ((pin- 


ion there  seemed  to  give  manure  a  life  of  two 
or  three  weeks  only. 

If  thawing-kettles  are  used  it  is  best  to 
carry  them  direct  to  the  shot.  In  large  quan- 
tities where  you  have  a  stationary  thawing- 
house,  protect  the  dynamite  on  the  way  to  the 
snot  by,  say,  a  burlap  covering,  or  provide  a 
box  wherein  it  may  be  placed  and  covered  up 
when  hauled  to  the  blast.  In  other  words, 
once  thawed,  keep  your  dynamite  from  all 
possible  chance  of  exposure  and  get  your  shot 
off  as  quickly  as  loaded. 

The  most  practical  explosive  for  use  in  this 
particular  territory,  principally  of  limestone 
quarries,  is  the  low-freezing  grades  of  dyna- 
mite. This  calls  for  no  special  detonators  or 
extra  trouble,  and  is,  without  doubt,  one  of 
the  best  things  on  the  explosive  market  to- 
day. In  strength  it  corresponds  to  the  well- 
known  grades  of  Hercules  dynamite. 

It  will  not  freeze  until  the  thermometer 
reaches  30  .degrees  Fahrenheit,  two  degrees 
below  water-freezing  point.  That  is  the  re- 
sistance to  cold  weather  claimed  at  present ; 
it  will  not  freeze  above  30  degrees  Fahrenheit, 
but  I  have  records  where  this  powder  was 
used  in  weather  much  below  30  degrees,  and 
it  was  not  frozen. 


MOTOR-DRIVEN     COMPRESSORS     FOR 
ROCK    DRILLS 

A  visit  to  towns  in  the  Lake  Superior  region 
recently,  where  rock  drills  are  in  abundance 
not  only  for  quarrying,  but  for  grading  of 
streets,  etc.,  showed  that  motor-driven  air  com- 
pressors for  supplying  these  pneumatic  rock 
drills  are  displacing  steam  plants.  Electricity 
can  usually  be  supplied  by  central  stations  for 
this  purpose  at  a  rate  which  will  make  it  un- 
economical to  operate  a  steam  plant.  In  the 
cases  where  the  steam  direct  from  the  boiler 
is  supplied  to  operate  the  rock  drills,  the 
trouble  from  freezing  in  the  winter  and  the 
trouble  with  steam  hose  make  the  motor-driv- 
en compressor  desirable.  Mr.  William  Chand- 
ler, in  a  discussion  at  the  Michigan  Electric 
Association  in  August,  spoke  of  a  225-h.p.  mo- 
tor driving  a  compressor  supplying  rock  drills 
at  Sault  Ste.  Marie.  This  compressor  plant 
made  a  saving  of  $7,000  in  first  cost  over  that 
of  the  former  steam  plant,  which  would  other- 
wise have  been  erected  by  the  contractor: — 
Electrical  World. 
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SENTIMENTAL    SCIENCE 

The  following  neat  presentation  of  the  es- 
sentials of  the  Goldschmidt  Thermit  process  is 
translated  from  the  German  of  Haus  Domini k 
and  appears  in  the  latest  issue  of  Reactions. 

Once  upon  a  time  there  lived  an  Aluminum 
scraplet — a  neat  and  pretty  grain  of  metal.  It 
had  a  deep  and  almost  invincible  passion  for 
an  oxygen  atom.  In  the  realm  of  nature  there 
are  not  so  many  conventions  to  be  observed 
as  among  mankind  and  thus  it  came  about  that 
soon  after  the  creation  of  the  world  our 
Aluminumlet  could  seek  out  its  love  and  en- 
ter into  intimate  and  permanent  union  with 
oxygen.  Like  many  other  happy  marriages, 
however,  the  glamour  of  pre-wedding  days 
did  not  continue  right  along,  as  the  union  re- 
solved itself  into  common  gray  clay. 

For  thousands  of  years  the  clay  marriage 
led  an  uneventful  existence,  until  man  inter- 
fered in  their  relations.  Then,  of  course,  there 
was  an  end  to  peace  and  quiet.  What  time, 
cold  and  heat  had  failed  to  do.  was  achieved  by 
the  electric  current.  It  tore  asunder  the  close- 
ly united.  Bright  Aluminum  remained  in  the 
electric  furnace,  dissolved  in  incandescent  sep- 
aration pains,  while  the  divorced  oxygen  es- 
caped into  the  open. 

Now,  we  cannot  conceal,  much  as  we  regret 
it,  that  oxygen's  conduct  was  not  free  from  re- 
proach. While  Aluminum,  even  after  the 
separation,  continued  faithful,  oxygen  went  in 
search  of  other  attractions.  Its  liking  for  the 
sparkling  and  glistening  was  undeniable  and 
whenever  it  saw  something  bright,  it  wanted 
to  go  and  make  up  to  it.  As  Aluminum  had 
been  torn  away,  it  sought  and  found  consola- 
tion and  distraction  with  iron.  The  two  formed 
a  new  union,  which  was  registered  in  the 
chemical  register  as  Peroxide  of  Iron.  In 
daily  life  it  was  called  Rust  for  short. 

You  must  not  blame  Oxygen  too  much  for 
its  faithlessness — it  cannot  help  its  extraordi- 
narily versatile  and  fiery  temperament.  Be- 
sides, even  in  its  new  union,  it  by  no  means 
felt  entirely  happy.  Although  its  connection 
with  iron  gave  it  temporarily  a  prominent  po- 
sition in  the  world,  in  its  heart  the  old  liking 
for  Aluminum  still  lived  with  unabated  vigor, 
the  force  of  which  electrochemists  give  as 
3455  Thermal  units  per  kilogram.  The  Rust 
menage  continued  not  exactly  unhappily,  but 
still  not  happy,  while  bright  Aluminum  sor- 
rowed in  loneliness. 


'I  bat  state  of  affairs  awakened  the  compas- 
sion of  Dr.  II.  Goldschmidtj  of  Essen,  and  he 
resolved  to  end  this  misery.  In  order  first  <>i 
all  to  offer  an  opportunity  of  mutual  approach 
to  the  separated  ones,  he  mixed  together  the 
Aluminum  particle  and  the  iron  rust.  'I  hat  did 
not  help  much  at  first.  He  knew  the  right 
spark  to  rekindle  the  affinity  of  the  oxygen  for 
Aluminum,  however.  Then  happened  what  in 
old  tragedies  is  called  the  reward  of  love  and 
faithfulness,  while  Chemistry  dubs  it  a  thermo- 
chemical  reaction.  The  union  Rust  broke  up. 
With  a  sudden  rush,  oxygen  tore  away  from 
iron  and  fell  into  Aluminum's  arms,  reuniting 
once  more  into  the  old  clay.  So  strong  was 
the  impact  and  so  tremendous  the  exuberance 
of  feelings,  that  in  a  moment  the  whole  con- 
c<  rn  scintilated  in  a  refulgent  glow.  In  the 
vessel  where  these  things  happened,  there  lay 
at  the  bottom  superheated  liquid  iron  and  at 
the  top  liquid  clay  at  a  temperature  of  5400  1'. 


BAROMETRIC  CONDITIONS  AND  THE 
FREEZING  OF  WELLS 

It  is  a  rather  curious  fact  that  shallow,  open 
wells  give  less  trouble  from  freezing  up  in 
winter  than  the  deeper  drilled  or  double  tubed 
driven  wells,  where  the  inner  or  pump  tube  is 
carried  below  the  outer  casing.  The  following 
notes  by  the  United  States  Geological  Survey 
throw   light  on   the  matter : 

The  freezing  of  wells  is  practically  confined 
to  districts  where  the  air  temperatures  fre- 
quently go  considerably  below  zero,  and  where 
the  materials  penetrated  are  either  porous  or 
contain  actual  openings  and  passages  through 
which  the  air  can  circulate.  A  study  of  the 
phenomena  as  a  whole  shows  that  they  are 
closely  connected  with  barometric  changes. 
The  direct  cause  of  the  freezing  seems  to  be 
an  indrift  of  cold  air  at  periods  of  high  ba- 
rometer. Change  of  weather,  reversing  the  di- 
rection of  the  air  current,  produces  thaw.  In 
open  wells,  where  air  obtains  access  through 
the  soil  and  at  the  junction  of  curb  and  cover, 
a  cement  cover  should  be  tightly  fitted  to  the 
curb,  and  the  curb  itself  should  be  coated  with 
cement  for  some  distance  below  the  surface.  In 
drilled  or  double-tubed  driven  wells  the  cur- 
rent of  cold  air  drawn  in  at  periods  of  high 
barometer  between  the  outer  and  inner  casing 
near  the  surface  and  passing  out  in  a  porous 
bed  at  the  bottom  above  the  water  level  will 
cause  freezing  if  the  water  is  pumped  so  that 
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it  stands  in  the  inner  tube  above  the  lower 
end  of  the  outer  casing ;  and  a  long-continued 
current  of  such  cold  air  may  cause  freezing  of 
the  ground  water  about  and  in  the  well  tube. 
For  this  condition  it  is  suggested  that  the 
space  between  the  outer  and  inner  tube  near 
the  surface  be  packed  with  some  impervious 
material.  A  filling  of  cement  resting  on  an  im- 
provised plug  is  probably  the  most  effective. 
The  home-made  rag  packing  sometimes  used 
is  too  porous  to  serve  the  purpose.  The  same 
treatment  is  suggested  for  wells  with  leaky 
casings,  for  driven  wells  passing  through  rocks 
porous  enough  to  permit  the  passage  of  large 
currents  of  chilled  air  during  periods  of  high 
barometer,  and  for  wells  in  which  the  outer 
casing  ends  in  some  cavern  or  open  passage ; 
that  is,  the  space  between  the  well  tube  and 
the  pump  tube  near  the  surface  should  be 
tightly  plugged  with  impervious  material. 


AIR    LIQUEFYING    TESTS 

The  accompanying  table,  from  Bulletin 
21  of  the  University  of  Illinois,  gives  the  re- 
sults of  recent  tests  in  connection  with  an 
air  liquefying  plant  at  that  institution.  The 
test:,  were  made  in  the  mechanical  engineer- 
ing laboratory  to  determine  (a)  the  most 
economical  conditions  for  operating  the  liquid 
air  plant  belonging  to  the  department;  (b) 
the  power  consumed  and  cost  of  production  of 
liquid  air  in  plants  of  this  type;  (c)  the  effi- 
ciencies of  the  separate  units  composing  the 
plant,  and  (d)  the  keeping  qualities  of  liquid 
air  in  the  Dewar  bulbs  of  different  sizes,  mir- 
rored and  unmirrored,  enclosed  in  felt  re- 
ceptacles and  open  without  covering  of  any 
kind. 

A  description  of  the  four-stage  high  pres- 
sure air  compressor  and  of  the  liquefier,  which 
is  of  the  Hampson  laboratory  type,  is  given 
with  details  of  the  methods  of  measurements, 
etc.  In  regard  to  the  temperature  of  the  air 
entering  the  liquefier,  it  is  remarked :  "We 
have  measured  the  inlluence  of  temperature 
over  a  range  between  o  degree  and  20  de- 
grees C.  for  two  pressures,  namely  2,000  and 
3,000  pounds  per  square  inch,  and  the  data 
are  given  under  tests  1  to  7  inclusive.  If  the 
inlet  temperature  were  below  zero  the  effi- 
ciency would  be  correspondingly  greater  and 
the  cost  of  production  less ;  but  it  does  not 
seem  advisable  in  intermittent  operation  of  the 
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TABLE  OF  AIR  LIQUEFYING  TESTS. 

plant  to  reduce  the  temperature  of  the  enter- 
ing air  below  zero,  as  the  trouble  and  labor 
necessary  to  keep  a  freezing  mixture  of  salt 
and  ice  in  the  precooler  more  than  balance  the 
gain  in  efficiency." 

The  loss  of  energy  in  producing  liquid  air 
is  shown  in  column  16  of  the  table.  Under  the 
most  favorable  conditions,  it  is  added,  the 
available  energy  of  the  liquid  air  is  only  two 
and  one-half  per  cent,  of  that  expended  in 
producing  liquefaction. 

The  cost  of  production  is  given  in  columns 
14  and  15  in  the  table.  The  only  expenses  in- 
cluded, it  is  stated,  are  cost  of  power  used, 
estimated  at  eight  cents  per  kilowatt  hour, 
and  cost  of  one  attendant  at  thirty-five  cents 
per  hour.  When  running  at  3,000  pounds 
pressure  the  cost  of  the  liquid  air  obtained  is 
given  as  twenty-two  cents  per  pint.  Winn 
running  at  2,500  pounds  pressure  with  air  en- 
tering liquefier  at  15°  C.  the  cost  was  thirty 
two  cents  per  pint. 

In  a  recent  description  of  a  commercial 
liquid  air  plant  at  Norwich,  Conn.,  [Com- 
pressed Aik  Magazine,  March.  1908.]  it  was 
stated    by    the    engineer    that    the    "liquid    air 
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drawn  from  the  system  is  about  seven  and  a 
half  pounds  per  h.  p.  h.  of  energy  expended." 
The  best  reeord  at  the  university  test  as 
shown  in  the  table  was  164  grams,  less  than 
two  ounces,  per  h.  p.  h.  At  the  liquid  air 
plant  at  Los  Angeles,  Cab,  the  cost  of  pro- 
duction of  liquid  air  is  given  as  about  ten 
cents  per  gallon. 


from  the  Pacific  entrance,  the  summit  level 
will  end,  and  a  descent  of  30  ft.  will  be  made 
by  means  of  a  lock  to  a  channel  of  some  500 
ft.  in  width,  extending  as  far  as  Miraflores. 
Here  two  more  locks  will  lower  vessels  to  the 
Pacific  sea-level.  From  Miraflores  a  width  of 
500  ft.  is  maintained  until  the  Pacific  entrance 
is  reached. 


ALL     ABOUT     THE    PANAMA     CANAL 
The  following  from  the  Sphere,  London,  is, 
with   its  accompanying  cut,  a  marvel   of -con- 
ciseness and  clearness : 

Since  May  4.  [904,  the  American-  having 
bought  for  a  sum  of  about  £S,ooo.ooo  all  the 
rights  and  propert}  in  the  derelict  French 
company,  have  been  in  possession  of  the  works 
and  have  continued  operations  on  a  truly  gi- 
gantic scale  in  face  of  the  innumerable  difficul- 
ties which  beset  all  works  in  a  tropical  climate. 
The   chief  difficulties   which   the   new   proprie- 


SECTION  OF  CULEHKA  CUT- 

tors  have  had  to  encounter  may  be  divided 
broadly  into  three  sections:  (1)  The  problem 
of  health  and  hygiene;  (2)  the  obtaining  and 
maintenance  of  a  sufficient  force  of  laborers; 
(3)  the  engineering  problems  connected  with 
the  undertaking.  The  control  of  the  river 
Chagres,  with  its  sudden  and  enormous  floods, 
has  been  one  of  the  cheap  difficulties  to  be  con- 
tended with,  and  large  controlling  works  and 
diversions  will  have  to  be  made  to  enable  the 
dam  to  be  built.  Double  sets  of  three  locks 
in  flight  capable  of  accommodating  vessels  of 
1,000  ft.  in  length  and  100  ft.  in  width  will 
carry  the  vessels  from  sea-level  up  to  the  great 
Gatun  Lake,  which  will  have  an  area  exceed- 
ing 170  square  miles.  The  navigation  channel 
through  this  lake  will  have  a  minimum  depth 
of  45  ft.  and  a  width  at  bottom  of  from  1,000 
ft.  at  Gatun  down  to  200  ft.  through  the  Cule- 
bra  cutting,  the  narrowest  part  of  the  canal. 
At  Pedro  Miguel,  a  distance  of  about  10  miles 


WELDING    LOCOMOTIVE     FRAMES* 

By  A.  W.  McCaslin. 

On  the  Pittsburgh  &  Lake  Erie  Railroad  we 
repair  some  of  the  engine  frames,  as  many 
others  do,  without  removing  them  from  the 
engine  and,  as  far  as  superficial  examination 
of  the  completed  job  would  indicate,  we  have 
very  good  results.  I  do  not  say  that  we  weld 
tin  names,  for,  like  Mr.  Uren,  1  do  not  con- 
sider that  such  an  operation,  made  without  a 
lap  of  some  kind,  deserves  the  name  weld.  In 
fact,  this  butting  of  frames  is  simply  a  bur- 
lesque  on  proper  welding.  I  have  satisfied 
myself  as  to  the  virtue  of  this  so-called  weld 
b]  making  several  in  the  shop,  granting  them 
many  advantages  that  cannot  be  offered  on 
an  engine,  and  have  found  that  they  would  in- 
variably separate,  showing  very  little  resist- 
ance to  a  light  crosswise  blow  under  a  small 
'•team  hammer.  The  breaks  show  that  a  un- 
ion of  the  metal  had  been  effected,  but  also 
show  a  very  feeble  tenacity;  yet,  knowing 
these  facts,  we  are  very  much  in  favor  of  re- 
pairing frames  this  way,  wherever  it  is  possi- 
ble to  spread  the  frame  and  take  the  heat,  as  it 
frequently  keeps  the  engine  in  service  until  the 
times  comes  for  general  repairs,  and  this 
means  quite  a  saving. 

We  have  what  we  think  are  splendid  burn- 
ers, .and  build  a  very  satisfactory  furnace  with 
standard  size  fire  brick.  Mr.  Shoenberger, 
foreman  blacksmith  in  the  Ft.  Wayne  shop  at 
Pittsburg,  kindly  furnished  me  the  original 
design  for  both  of  them.  They  are  illustrated 
in  the  sketch.  I  build  the  furnace  with  the 
bottom  inclined  as  shown  on  blue  print,  mak- 
ing it  about  1  in.  lower  at  its  center  than  at 
the  fuel  holes  at  the  ends.  Have  also  added 
a  small  slag  hole  at  the  center  near  the  bottom, 
so  the  slag  will  not  gather  and  be  blown  up 
against  the  frame.     We  use  two  burners,  and 


*From  a  paper  before  the  International  Rail- 
road Master  Blacksmith's  Association. 
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crude  and  carbon  oil  as  fuel,  and  take  a  very 
slow  heat.  The  bottom,  inclined  as  mentioned, 
helps  to  prevent  the  wasting  of  the  bottom  side 
of  the  frame  and  gives  the  heat  a  start  to  re- 
turn over  the  top  of  the  frame  and  out  the 
peep    hole.      When    the    heat    is    complete    the 
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FIG  I,  FURNACE  AND  BUHNER  FOR  WELDING 
LOCOMOTIVE   FRAMES. 

furnace  is  pushed  into  the  pit  and  the  work 
completed  with  light  sledges. 

I  do  not  approve  of  making  the  side  V  weld 
under  a  heavy  steam  hammer  without  using  a 
channel  tool.  The  work  will  be  satisfactorily 
performed,  however,  if  done  under  a  small 
steam  hammer  with  light  blows,  or  with  heavy 
sledges.  In  this  case  the  laid  in  piece  should 
not  be  made  with  the  overhang  cut  too  close 
to  the  frame.  Side  heats  should  be  drawn 
well  up  to  the  point  of  the  V  piece,  and  this 
stock  driven  back  into  the  weld,  at  the  same 
time  a  lap  being  formed  where  it  is  much 
needed,  that  is,  at  the  ends  of  weld  on  the 
top  and  bottom  of  the  frame. 

If  the  side  V  weld  is  made  in  a  frame  under 
a  heavy  steam  hammer  there  should  be  a 
heavy  channed  tool  placed  on  top.  This  tool 
should  be  8  in.  wide,  2l/2  in.  deep,  and  y2  in. 
longer  in  the  crown,  and  24  in-  longer  at  the 
mouth  than  the  cross  section  of  the  frame, 
that  it  may  release  readily.  It  will  shear  off 
the  extra  stock,  prevent  the  laid  in  piece  from 
lengthening  endwise,  and  will  drive  it  back  into 
the  weld,  thus  forcing  it  against  the  walls  of  the 
V,  and  lengthen  the  lap  lengthwise  the  frame. 
A  second  heat  should  be  taken  on  the  laps,  in 
order  that  there  may  be  no  hole  or  opening  at 
the  points  of"  the  weld.  This  is  not  only  the 
most  convenient  weld  to  make  in  repairing 
frames,  but  it  is  the  best. 

We  sometimes  make,  in  front  sections  of 
frames  and  in  large  hammer  piston  rods,  what 
we  call  a  lap  and  V  weld ;  we  flatten  the  end 


FIG  II,  LAP  AND  V  WELDS  AND  CHANNEL  TOOL 
FOR  HEAVY  HAMMER  WORK. 

of  each  piece  nearly  one-third,  make  the  lap 
and  weld  as  shown  on  the  sketch,  then  drive 
back  the  end  of  the  laps  and  lay  in  a  V;  this 
insures  a  solid  center  and  a  solid  side  opposite 
each  V.  It  also  throws  the  laid  in  pieces  about 
6  in.  apart.  This  weld  will  elongate  evenlj 
when  being  reduced,  and  will  not  slip  or  sheai 
as  the  ordinary  lap  or  V  weld  will.  The  draw- 
ing clearly  shows  how  this  type  of  weld  is 
made. 


SEPARATING  SAWDUST  OR  LEATHER 
FROM  SMALL  TUMBLED  ARTICLES 

Tumbling  removes  sharp  edges  and  scratches 
from  small  metal  goods.  The  first  tumbling  is 
with  sand  or  gravel,  or  sometimes  steel  slugs 
are  used.  The  articles  are  then  tumbled  with 
leather  or  saw  dust  to  give  the  first  finish  and 
then  they  must  be  separated  and  cleaned.     The 


SEPARATING   TUMBLED  WORK. 

sketch  here  given  of  apparatus  for  the  purpose 
comes  from  The  Brass  World. 

There  is  a  trough  of  wood  A,  lined  with 
sheet  zinc  and  inclined  toward  the  funnel  B. 
This   trough  is  to  receive  the  articles  as  they 
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come  from  the  tumbler  and  is  inclined  so  that 
they  may  be  readily  pushed  into  the  funnel  by 
hand.  The  funnel  B  is  rigidly  attached  to  a 
pipe.  C,  which  tapers  down  at  E.  Both  the 
funnel,  B,  and  the  pipes,  C  and  E,  are  made  of 
tin  <>r  galvanized  iron.  The  pipe  C  is  about  8 
in.  in  diameter,  and  E  is  about  6  in.  On  the 
top  of  C  the  pipe  is  again  tapered  to  6  in.  and 
a  slide  blast  gate,  F,  is  placed  to  control  the 
blast.  At  G  the  pipe  turns  and  is  connected 
with  an  exhaust  fan,  H.  The  other  end  of  the 
fan  or  the  exhaust  side  is  connected  with  a 
large  sheet  iron  collector  of  the  usual  type. 
This  is  the  well-known  appliance  used  for  col- 
lecting buffings,  sawdust,  etc.,  when  an  ex- 
haust  fan   is  used. 

A  box  or  other  receptacle,  D,  is  used  to 
catch  the  cleaned  articles.  A  barrel,  L,  re- 
ceives the  sawdust  or  leather.  To  clean  a  mix- 
ture of  small  articles  and  sawdust,  it  is  first 
dumped  into  the  trough  A.  This  is  not  SO  in- 
clined that  the  articles  will  slide  into  .the  fun- 
nel alone,  but  they  must  be  pushed  with  the 
hands.  As  they  pass  through  the  funnel  B 
and  fall  down  through  the  pipe  C,  the  air  that 
is  sucked  up  by  the  fan  removes  the  sawdust, 
which  is  carried  over  into  the  collector,  and 
the  articles  cleaned  fall  into  the  box  D. 


PNEUMATIC    SULPHUR    MINING 

The  French  process  of  obtaining  sulphur  is 
a  highly  interesting  development  of  practical 
science.  The  latest  improved  and  most  suc- 
cessful method  is  briefly  described  as  follows 
in   Mining  Science  : 

A  well  is  driven  through  the  various  strata 
to  the  sulphur-impregnated  beds  in  much  the 
same  manner  as  is  usual  in  sinking  wells  for 
oil  and  gas.  In  each  well  there  are  placed 
concentrically  four  lines  of  pipe  having  dia- 
meters ranging  from  io  in.  to  i  in.  Super- 
heated water  and  hot  air  is  forced  down  the 
pipes  and  the  spaces  between  them  to  melt 
the  sulphur  and  to  bring  it  to  the  surface.  The 
hot  water  flows  down  between  the  two  outer 
pipes,  which  are  respectively  io  in.  and  6  in. 
in  diameter,  and  passes  into  the  limestone, 
melting  the  sulphur.  The  quantity  of  sulphur 
melted  and  the  range  of  action  of  the  water 
depend  on  the  temperature  of  the  water  and 
on  the  pressure  at  which  it  is  supplied.  The 
heavy,  melted  sulphur  runs  back  into  the 
sump  around  the  well  pipe,  which  it  enters 
through  holes  provided  for  this  purpose.    Hot, 


compressed  air  is  forced  down  through  the 
smallest  or  i-in.  pipe  and  at  the  bottom  of  the 
well  mixes  with  the  melted  sulphur  and  forms 
an  aerated  mass  sufficiently  low  in  specific 
gravity  to  allow  the  water  pressure  to  elevate 
the  melted  sulphur  to  the  surface,  where  it  is 
discharged  into  large  rectangular  vats  con- 
structed of  rough  planking.  The  dimensions 
of  the  vats  vary  somewhat,  but  they  are  made 
as  large  as  350  ft.  by  250  ft.  by  40  ft.,  and 
some  of  them  are  so  arranged  that  railroad 
trains  can  pass  between  them.  The  vats  are 
filled  as  -111  ordinary  water  tank  would  he.  hut 
the  viscosity  of  the  sulphur  as  it  cools  pre- 
vents the  formation  of  perfectly  horizontal 
layers,  and  the  flow  of  sulphur  is  being  con- 
stantly deflected  to  different  parts  of  the  vat. 
In  this  manner  cooling,  solidification  and 
feeding  go  on  simultaneously.  The  hardened 
sulphur  is  broken  up  by  workmen  either  by 
pick,  crowbar  and   shovel,  or  by  blasting. 


A  CUT-OFF  AND   WHAT  IT  CUTS   OFF 

Railroad  lines  as  first  laid  out  are  often  far 
from  the  best  that  might  be,  on  account  of  the 
limitations  of  practical  economy.  As  earnings 
accumulate  improvements  may  be  made  giving 
increased  advantage  to  the  system.  One  of 
these  costly,  but  ultimately  cheap,  corrections 
of  original  plans  is  the  28  mile  cut-off  on  the 
main  line  of  theLackawanna  Railroad,  which 
has  been  lately  put  under  contract,  and  will 
effect  a  great  reduction  in  curvatures  and 
grades,  besides  actually  shortening  the  line  11 
miles.  The  present  line  has  a  maximum  grade 
of  60  ft.  to  the  mile,  while  that  of  the  cut-off 
will  not  exceed  29  ft.,  and  the  total  saving  in 
curvature  will  amount  to  1,560  degrees.  There 
will  be  no  grade  crossings  and  no  tunnels  on 
the  cut-off,  so  that  altogether  the  advantages 
secured  are  numerous  and  important. 

The  principal  feature  of  the  cut-off  will  be 
an  embankment  2x/2  miles  long  with  an  average 
height  of  00  ft.  This,  said  to  be  the  largest  rail- 
way embankment  ever  made,  will  contain  6,- 
625,000  cu.  yds.  of  material.  There  will  also 
be  a  cut  requiring  the  excavation  of  541,000  cu. 
yds.  of  solid  rock.  This  cut  will  be  ^2  mile 
long  and  will  attain  a  depth  of  132  ft.  There 
will  be  required  in  all  13,000,000  cu.  yds.  of 
embankment  and  13,154,500  cu.  yds.  of  excava- 
tion, of  which  4,293,500  cu.  yds.  will  be  rock. 
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NOT    A    HOUSE    ORGAN 

The  following  from  Engineering  News,  ex- 
plains itself: 

Sir :  We  regret  to  note,  in  your  issue  of 
Sept.  17,  a  reference  to  "Compressed  Air 
Magazine"  as  the  "house  organ"  of  the  Inger- 
soll-Sergeant  Drill  Co. — more  correctly  the 
Ingersoll-Rand  Co.  This  is  an  error  which  we 
believe  you  will  be  glad  to  correct. 

"Compre>sed  Air  Magazine"  is  not.  and  has 
never  been,  the  "house  organ"  of  any  manu- 
facturing concern.  Established  in  1896,  it  has 
since  that  time  been  published  as  an  inde- 
pendent trade  journal,  owned  and  edited  by 
the   President  of  the  Ingersoll-Rand  Co. 

It  is  not  issued  to  exploit  any  machine  of 
any  manufacturer.  Its  aim  is  the  development 
of  a  vast  field  of  engineering  industry.  It  is 
the  exponent  of  a  distinct  branch  of  engineer- 
ing science  and  is  the  only  publication  in  the 
world  exclusively  devoted  to  the  subject  of 
compressed  air  in  all  its  applications.  Its  list 
of  paid  subscribers  covers  every  state  and  ter- 
ritory in  the  Union  and  more  than  thirty  for- 
eign countries.  Its  policy  is  that  of  the  broad- 
gage  technical  journal,  not  for  a  moment  that 
of  the  subsidized  "house  organ." 

Trusting  that  you  will   set  this  matter  right 
before  your  readers,  we  are, 
Very   truly   yours, 
"Compressed   Air   Magazine," 

Lucius   I.   Wightman, 
Treasurer    and    Business    Manager. 

11  Broadway.  New  York  City.  Sept.  18,  1908. 


BOOSTING    THE    LITTLE    COM- 
PRESSORS 

The  ultimate  power  economy  of  the  Electric 
Air  Drill,  in  the  operating  of  which,  as  our 
readers  will  remember,  the  electric  current  is 
transmitted  to  the  pulsator — not  compressor — 
close  to  each  individual  drill,  has  led  to  some 
promulgation  of  the  proposition  that  it  would 
be  generally  profitable  where  drills  or  other 
air  operated  tools  are  installed  in  mines  or 
elsewhere  to  use  small  electric  driven  cora- 
pressors  close  to  the  work  instead  of  install- 
ing large  compressors  in  the  power-house,  with 
suitable  pipe  lines.  In  advocating  this  idea 
Fearnside  Irvine,  before  the  Institute  of  Min- 
ing and  Metallurgy,  says  some  rather  aston- 
ishiii"-  things.     For  instance  : 
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"Small  compressors,  with  small  cylinders, 
whose  cubical  contents  bear  a  very  much 
smaller  relation  to  the  cooling  'surfaces  of  the 
cylinder  walls  and  ends  than  is  possible  in 
larger  sizes,  are,  especially  when  single-acting, 
very  efficiently  cooled ;  their  piston  speed  in 
compression  is  also  very  low.  Take,  for  in- 
stance, a  single-acting  cylinder  with  9  in. 
stroke  and  10  in.  diameter,  300  r.  p.  m.,  cooled 
in  jacket  and  head,  the  cooling  surface  would 
be  361  sq.  in.,  the  cubical  content  706=1  sq.  in. 
to  2  cubic  content.  In  a  cylinder  48  in.  stroke 
by  22  in.  diameter  the  contents  are  23,000,  the 
cooling  surface  3312=1/7. 

"Again,  the  speed  of  compression  at  75  r.  p. 
m.  for  the  larger  compressor=6oo  ft.  per  min., 
and  for  the  smaller  compressor  225  ft.  per 
min. ;  thus,  the  time  in  contact  in  the  smaller 
cylinder=2.6  times  that  of  the  larger  cylinder, 
and  the  surface,  3J/  times  as  large, =9lA  times 
more  cooling  effect.  So  far  as  efficiency  is 
concerned  there  is  little  difference  between  the 
two,  and  the  small  compressor  working  under- 
ground is  a  distinct  advance  upon  the  work- 
ing of  the  large  one  on  the  surface.". 

It  is  necessary  first  to  correct  some  of  these 
figures.  The  content  of  the  larger  cylinders, 
one  stroke,  is:  22'X-  7854 X -4 8=  18,246  cu.  in., 
instead  of  23,000,  and  the  cooling  surface — 
the  interior  surface  of  cylinder  and  head — is, 
for  the  cylinder:  22X3T4i6X48=33i7  SQ-  in., 
and  for  the  head  22*X .7854=380  and  3317+380 
=3097,  instead  of  3312. 

The  actual  ratio  of  "cooling  surface"  is,  for 
the  smaller  cylinder:  361-^706=. 511  and  for 
the  larger  cylinder:  3697-^-18,246=. 202,  or  1/5 
instead  of  1/7.  The  ratio  of  cooling  surface  of 
the  smaller  cylinder  to  that  of  the  larger  cyl- 
inder, then,  is:  5 11^-. 202=2.53;  or  2l/2  times 
instead  of  2>XA-  times. 

The  assumptions  and  deductions  as  to  the 
time  of  contact  of  the  air  in  the  two  cylinders 
are  entirely  wrong.  With  the  small  compres- 
sor running  at  300  r.  p.  m.,  the  time  for  the 
half  stroke  would  be  1/600  min.,  and  the  time 
for  the  half  stroke  of  the  larger  compressor 
would  be  1/150  min.,  or  four  times  as  long; 
then,  with  the  larger  compressor  having  four 
times  the  advantage  as  to  time,  and  the  smaller 
compressor  having  2.53  times  the  advantage 
as  to  cooling  surface  we  have  4-^2.53=1.58, 
which  shows  the  preponderance  in  favor  of  the 
larger  compressor. 

Now,  we  did  not  originate  and  are  not  re- 


sponsible for  this  line  of  investigation.  We 
are  inclined  to  regard  it  as  an  absurdity  all 
through.  As  a  matter  of  fact,  the  possibility 
of  cooling  the  air  during  the  compression 
stroke  can  only  occur  during  the  latter  part 
of  the  stroke.  During  the  entire  intake  stroke 
and  for  a  portion  of  the  compression  stroke 
the  air  must  necessarily  be  heated  rather  than 
cooled,  as  the  cylinder  surfaces  must  be  some- 
what warmer  than  the  incoming  free  air,  and 
it  is  no  wonder  that  experience  actually  shows 
very  little  cooling  of  the  air  during  compres- 
sion as  the  effect  of  water  jacketing,  and  that 
each  compression  must  be  regarded  as  prac- 
tically adiabatic.  This  is  not  saying  that 
water  jacketing  is  not  necessary,  as  it  certainly 
i"  so  as  a  means  of  keeping  the  surfaces  cool 
enough   to  permit   proper   lubrication. 

The  above  illustrates  the  fallacious  lines  of 
"argument,''  which  are  being  promulgated  for 
the  multiplying  and  localizing  of  small  com- 
pressors  in  mines,  and  elsewhere  as  prefer- 
able to  large  centralized  and  concentrated 
plants.  It  is  mostly  talk,  after  all,  as  the 
practice  is  not  being  adopted,  and  is  not  likely 
to  be  where  there  exists  sufficient  experience 
to  dictate. 


COSTS  AND    OTHER    CONDITIONS   OF 

ELECTRIC    AND    COMPRESSED 

AIR     TRANSMISSION 

The  following  letter,  which  speaks  for  it- 
self, we  reprint  verbatim  from  a  recent  issue 
of  Mining  and  Scientific  Press,  San  Francisco. 

Sir — Referring  to  an  article  entitled  "Un- 
derground Air-Compressors,"  in  your  issue  of 
August  1,  I  wish  to  point  out  what  I  con- 
sider to  be  some  misleading  statements.  To 
quote  from  the  article :  "The  underground 
compressors,  taking  electric  power  at  prac- 
tically the  same  potential  as  a  compressor  at 
the  surface,  had  the  advantage  of  saving,  first 
of  all,  the  capital-cost  of  the  pipe-lines,  and 
was  thus  able  to  generate  compressed-air  at 
a  lower  pressure  .  .  .  (because  of  the 
loss  of  pressure  due  to  transmission  in  the 
pipe-lines).  This  statement  would  lead  one 
to  suppose  that  an  electric  transmission-line 
costs  practically  nothing  compared  to  the  cost 
of  one  for  transmitting  the  same  power  in 
the  form  of  compressed  air.  This  is  not  by 
any  means  the  first  time  I  have  seen  this  as- 
serted, and  never  have  I  seen  it  contradicted. 

As  a  matter  of  fact,  judging  from  my  own 
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experience,  the  electric  transmission-line  will 
cost  more,  in  most  mines,  than  that  for  trans- 
mitting air.  This  may  not  be  the  case  on  the 
surface,  where  electricity  can  be  transmitted 
at  a  high  potential  over  small  bare  wires 
carried  on  poles,  while  the  air-pipe  lines  have 
to  be  buried,  but  underground-conditions  in 
most  mines  are  quite  different.  If  an  electric 
transmission  line  is  expected  to  be  perman- 
er.t  in  a  wet  mine,  especially  when  there  is 
acid  in  the  water,  all  conductors  must  be  in 
the  form  of  lead-covered  cables,  and  these 
cables  must  be  further  protected  from  mechan- 
ical injury  by  either  steel  or  wooden  armor. 
This  I  have  learned  by  sad  experience  to  be 
true,  even  when  the  current  is  carried  at  a 
low  voltage.  Underground  rubber-covered 
wires  carried  on  glass  insulators  will,  after  a 
while,  leak  as  much  power  as  a  very  poorly 
constructed  air-line,  and  the  wires  will  break 
wherever  they  come  under  a  drip.  At  the 
mine  with  which  I  am  at  present  connected 
there  is  an  installation  of  electric  and  air- 
driven  pumps,  side  by  side,  of  about  the  same 
capacity,"  affording  an  excellent  opportunity 
for  cf  mparison  in  the  costs  of  their  respective 
trarHvission-lir.es,  1600  ft.  down  a  vertical 
shaft.  The  cost  of  the  cable  to  supply  the 
current  to  the  electric  pumps  was  some  three 
hundred  dollars  more  than  the  cost  of  the 
pipe  supplying  air  to  the  compressed-air 
pumps.  It  has  been  stated  that  the  cost  of 
putting  in  air-pipe  is  greater  than  that  of  elec- 
tric wiring.  This  also  is  sometimes  not  true, 
depending  very  'much  on  cir euro's tai:£es.  In 
the  installation  to  which  I  have  just  referred, 
putting  in  the  electric  cable  probably  cost  the 
most,  but  "an  exact  account  was .  n&t  T<ept.  An 
expert  had  to  be  obtained  from  San  Fran- 
cisco to  do  the  splicing.  As  this  could  not  be 
done  either  vertically  or  in  a  wet  place,  the 
cable  had  to  be  spliced  before  lowering  down 
the  shaft.  As  it  was  not  strong  enough  to 
support  its  own  weight,  it  was  necessary  to 
1ash  it  at  intervals  to  a  wire  cable  as  it  was 
lowered,  and  afterward  to  cut  it  loose  from 
.he  cable  and  clamp  it  to  the  shaft  timbers. 
Unfoiefeen  difficulties,  such  as  the  two  cables 
becoming  twisted  around  each,  other,  and  the 
fact  that  the  hoisting  engine  was  not  strong 
enough  to  support  the  total  weight,  made  the 
operation  anything  but  as  simple  as  it  would 
seem.  Now  that  they  are  both  in  place,  if 
anything    happens    to    the    air-line,    any    miner 


can  replace  a  length  of  pipe,  but  if  something 
should  get  loose  on  a  cage  and  rip  out  a 
piece  of  the  cable,  the  consequences  might  be 
disastrous  and  expensive,  carrying,  as  it  does, 
current  at  1000  volt.  Many  people  would 
consider  1000  volt  too  high  a  potential  for 
safety  in  a  mine,  and  if  this  were  reduced  to 
500  volt,  the  cable  would  have  cost  twice  as 
much  as  it  did. 

To  take  up  the  question  of  loss  of  power 
in  transmission ;  electric  and  air-transmission 
lines  should  be  calculated  in  exactly  the  same 
way,  that  is,  the  size  of  the  conductor  or  pipe 
should  be  in  either  case  such  that  an  increase 
in  size  w^ould  not  save  enough  power  to  pay 
the  interest  on  the  added  investment.  There- 
fore, if  the  cost  of  the  transmission-lines  were 
the  same  in  the  two  cases,  the  loss  in  power- 
transmission  would  be  the  same.  As  a  mat- 
ter of  fact,  it  is  too  often  the  case  that  the 
superintendent  or  foreman  "guesses"  that  "a 
four-inch  line  will  carry  it"  in  the  case  of  an 
air-pipe,  but  when  it  comes  to  an  electric  line, 
about  which  there  is  something  mysterious 
to  many  people,  the  services  of  an  electrician 
are  called  in,  and  he  figures  the  size  by  form- 
ula. But  this  state  of  things  does  not  change 
the  facts,  that  the  loss  of  power  in  transmis- 
sion should  be  no  more  in  the  case  of  com- 
pressed-air than  in  that  of  electricity,  and  that 
it  costs  about  as  much  for  electric-cables  as 
it  does  for  air-pipes.  I  might  add  that  a 
poorly  constructed  electric-line  will  leak  power 
as  well  as  a  poorly  constructed  air-line. 

Arthur  B.  Foote. 

Grass  Valley,  Cal.,  August  3. 


A     BELATED     PATENT 

Tt  is  a  well  established  fact  that  certain  air 
compressors,  notably  those  of  the  piston  inlet 
type,  fill  their  air  cylinders  on  the  intake  stroke 
with  air  fully  up  to  and  often  slightly  above 
the  pressure  of  the  surrounding  atmosphere. 
This  is  shown  by  indicator  cards,  in  which  the 
compression  line  at  the  beginning  of  the  com- 
pression stroke  is  sometimes  coincident  with 
and  sometimes  perceptibly  above  the  atmo- 
sphere line,  although  through  most  of  the  in- 
take stroke  it  is  necessarily  low  enough  to 
cause  the  atmospheric  pressure  to  drive  it  in- 
to the  cylinder.  It  is  not  difficult  to  account 
for  this  complete  filling  of  the  cylinder  pre- 
cisely when  the  reversal  of  operations  occurs, 
when  we  consider  that  the  air  comes  in   with 
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a  rush  through  a  long  pipe  or  passage  and  that 
the  sudden  checking  of  the  inflow  at  precisely 
the  end  of  the  stroke  causes  the  inertia  of  the 
rapidly  moving  column  to  assert  itself  by  a 
final  thrust  upon  the  air  immediately  in  ad- 
vance of  it. 

This  being  so,  it  is  difficult  to  understand 
how  any  man  sufficiently  informed  to  become 
an  inventor  in  this  line  could  have  "invented" 
precisely  this  operation  and  the  means  by 
which  it  is  effected  a  score  of  years  after  it  has 
become  a  familiar  accompaniment  of  estab- 
lished practice,  or  how  the  examiners  of  the 
U.  S.  Patent  Office  could  have  allowed  patent 
No.  899,706  reported  upon  the  last  page  of  our 
present  issue.  This  a  patent  for  a  "Method  of 
Increasing  the  Volumetric  Efficiency  of  Cyli  1- 
der  and  Piston  .Machines."  the  inventor  living 
in  London.  A  single  claim  of  the  patent  tells 
the   whole  story  : 

"A  method  of  increasing  the  volumetric  ef- 
ficiency of  cylinder  and  piston  machines  draw- 
ing in  charges  of  elastic  fluid."  [air]  "which 
consists  in  causing  the  suction  to  occur  through 
a  pipe  of  such  length  that  the  pressure  at  the 
inlet  port  at  the  moment  of  closing  is  great  :r 
than  the  normal  pressure  of  the  fluid  at  said 
port." 

This  might  very  properly  have  constituted  a 
claim  of  the  original  piston  inlet  patent,  so 
that  the  value  of  the  patent  above  referred  to 
must  be  purely  imaginary. 


AN    INTENSIFYING     PNEUMATIC 
PRESS 

The  press  shown  in  the  half-tone  speaks  for 
itself  as  to  its  general  design  and  adaptability. 
It  was  built  originally  by  the  Springfield  Ma- 
chine Tool  Company,  Springfield,  Ohio,  for 
use  in  its  own  factory,  and  is  now  manufac- 
tured for  general  use  in  machine  shops  or 
elsewhere. 

The  press  as  here  shown  is  large  enough 
to  take  a  40-inch  wheel  between  the  uprights. 
The  opening  in  the  centre  of  the  heavy  base 
permits  the  placing  of  the  work  in  position 
without  lifting  and  dropping  into  a  hole.  The 
opening  extends  back  beyond  the  centre  line  of 
the  machine.  The  screws  of  course  allow  the 
head  to  be  raised  or  lowered  according  to  the 
height  of  the  work.  The  head,  which  is  de- 
signed to  be  of  equal  strength  with  the  base, 
contains  a  12-inch  cylinder  with  8-inch  travel 
of  piston.     The  piston  has  three  packing  rings 


which  effectually  prevent  air  leakage.  '1  he 
heavy  shoe  on  the  end  of  the  piston  rod  has 
the  central  portion  of  its  face  filled  with  bab- 
bitt, so  that  work  will  not  be  bruised  when 
pressure  is  applied.  The  babbitt  may  of  course 
1>.-  renewed  whenever  necessary. 

The  press  is  completely  controlled  by  the 
valve  shown  at  the  right.  This  directs  the 
air  both  above  and  below  the  piston.  Moving 
the  handle  from  the  left  hand  position  the 
piston  may  be  raised,  and  a  further  move- 
ment in  the  same  direction  shuts  off  the  air. 
Passing   the   next    point   in    the    same   direction 


INTENSIFYING  PNEUMATIC  PRESS. 

applies  the  full  pressure  to  the  top  of  the 
piston.  With  the  usual  shop  air  pressure  of 
say  80  lbs.  the  total  pressure  will  be  nearly 
9,000  lbs. 

If  a  greater  pressure  than  this  is  desired 
a  further  movement  of  the  valve  handle  in  the 
same  direction  throws  into  operation  a  small, 
quick  acting  air  pump,  which  is  placed  on  top 
of  the  frame  and  not  shown  in  the  half  tone. 
This  pump  will  raise  the  air  pressure  to  250 
lbs.,  and  thereby  increase  the  total  piston 
pressure  to  27,000  lbs.  The  pump  is  a  very 
small  arrangement  receiving  the  working 
pressure    upon    one    side    of    the    pump,    the 


COMPRESSED  AIR  MAGAZINE. 


;oq: 


piston  of  which  automatically  reciprocates, 
carrying  on  its  other  end  a  smaller  piston 
which  increases  the  pressure  more  than  three- 
fold. The  pump  in  principle  is  similar  to  a 
boiler  feed  pump  with  steam  and  water  cylin- 
ders of  different  diameters.  The  press  has 
been  thoroughly  tested  in  actual  service,  and 
has  proved  in  every  respect  satisfactory. 


MUNICIPAL    MUNIFICENCE 

After  working  for  a  period  of  16  years,  sev- 
en days  in  the  week,  as  chief  engineer  at  the 
pumping  station  of  Cedar  Falls  city  water 
works,  H.  C.  Boyson  has  been  granted  a  two 
weeks'  vacation  by  the  city  council  at  full 
pay  with  the  privilege  of  a  month  should  he 
so  desire.  During  the  sixteen  years  Mr.  Boy- 
son  has  been  in  charge  of  the  city  pumping 
station  he  has  worked  alternately  day  and 
night  and  has  never  lost  a  day  because  of  sick- 
ness, accidents  or  for  any  other  reason.  He 
started  in  at  $40  a  month  and  has  gradually 
been  advanced  by  the  city  council  until  he  now 
receives  $60.00. — Midland  Municipalities. 


MOIST    AIR    DRYING 

Moist-air  drying  is  growing  from  the  fact 
that  it  is  becoming  understood  that  it  is  not 
the  amount  of  moisture  in.  the  air,  but  the 
amount  more  that  can  be  put  in,  that  makes 
it  a  drying  air.  With  the  fact  that  each  ad- 
vance in  temperature  of  25  degrees  doubles 
the  capacity  of  the  air  for  moisture,  it  may  be 
readily  seen  that  moisture  in  air  of  a  con- 
siderable amount  at  any  given  temperature, 
when  that  temperature  is  raised,  is  no  longer 
a  large  factor  in  the  capacity  of  that  air  to 
receive  more  moisture.  It  also  should  be 
borne  in  mind  that  water  in  all  its  forms, 
vapor  or  steam,  holds  very  much  more  heat 
for  a  given  volume  than  will  air,  therefore 
hot,  moist  air  holds  very  much  more  heat 
present  to  supply  the  needed  heat  for  evapora- 
tion than  can  dry  air.  Its  advantages  are  very 
many,  not  the  smallest  being  the  fact  that  it 
intercepts  the  direct  heat  ray,  preventing  car- 
bonization of  the  stock  at  all  stages  of  the 
drying,  this  heat  ray,  intercepted,  also  adding 
to  the  economy  of  drying  in  helping  to  pro- 
vide the  heat  for  evaporation,  which  other- 
wise is  absorbed  by  the  wall,  ceiling  or  floor 
of  the  kiln. — The  IVood  Worker. 


BUYERS'    COMMISSIONS 

From  the  standpoint  of  the  engineer,  acting 
as  a  purchasing  agent  or  adviser,  the  case 
seems  to  me  as  clear  in  the  court  of  honor  as 
it  would  be  in  a  court  of  law.  He  cannot  hon- 
orably accept  a  commission  '  from  the  seller 
while  he  is  the  agent  of  the  buyer.  If  the  cus- 
tom of  the  trade  permits  the  giving  of  such  a 
commission,  but  not  its  deduction  from  the 
face  of  the  bill  rendered,  he  may,  of  course, 
honorably  accept  it  and  pay  it  over  to  his  own 
employer — that  being  the  only  way  in  which  he 
could  secure  the  minimum  net  price  in  his  em- 
ployer's interest — but  even  in  that  event  he 
should  place  his  honor  beyond  suspicion,  as, 
for  instance,  by  demanding  the  commission  in 
a  check  to  his  own  order  and  endorsing  the 
same  check  to  the  order  of  his  employer.  There 
may  be  exceptional  cases  in  which  the  taking 
and  keeping  of  a  commission  is  justifiable,  but 
one  thing  is  clear  beyond  dispute:  It  is  always 
wrong  when  it  needs  to  be  kept  silent. — John 
Hays  Hammond,  Presidential  Address  at  Chat- 
tanooga. 


BUBBLES    OF    GAS    SINKING    IN    A 
LIQUID 

If  one  were  asked  to  specify  a  physical  law 
to  which  there  could  be  no  possible  exception 
it  might  well  be  that  of  the  rise  of  bubbles 
to  the  top  of  ain^  liquid.  The  exception  to 
this,  however,  has  been  found.  A  writer  in 
Cosmos  says :  "We  are  used  to  thinking  of 
gases  as  always  less  dense  than  liquids,  and, 
in  fact  we  have  never  hitherto  been  able  to 
increase  the  density  of  a  gas.  either  by  com- 
pressing or  by  cooling,  down  to  the  point 
where  it  becomes  heavier  than  a  liquid  in 
contact  with  it.  This  could  not  take  place, 
of  course,  if  the  gas  became  liquid  or  dis- 
solved in  the  liquid.  Dr.  Kammerliugh  Onnes 
has,  nevertheless,  accomplished  this  surpris- 
ing feat  by  causing  a  bubble  of  compressed 
helium  to  descend  by  its  own  weight  through 
liquid  hydrogen,  like  a  drop  of  water  in  oil. 
He  compressed  a  mixture  of  hydrogen  and 
helium  in  a  capillary  tube  plunged  into  liquid 
hydrogen.  The  hydrogen  becomes  almost  en- 
tirely liquefied  and,  if  the  pressure  does  not 
exceed  49  atmospheres,  occupies  the  bottom  of 
almost  pure  helium,  which  is  floating  on  the 
liquid,  is  seen  to  descend  below  it,  and  to 
rise  again  when  the  pressure  is  decreased  to 
32  atmospheres. 
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RAPID     DREDGING 

The  easiest  money  I  ever  earned  was  when 

I  agreed  to  dredge  the  ferry  slip  of  the  

Transportation  Company.  They  were  in  a  bad 
plight,  telegraphing  everywhere  for  a  dredger 
that  could  be  towed  up  in  a  hurry;  for  the 
river  had  silted  up  their  landing  slip  in  their 
busiest  season  and  it  meant  a  thousand  dollars 
a  day  to  them.  In  the  midst  of  their  excite- 
ment,  I  happened  into  their  office  and  offered 
tu  dredge  the  slip  for  $500.  "Done."  said  they, 
and  we  signed  papers  on  the  spot.  I  hen  I 
went  out  and  hired  a  big  tug  for  five  dollars 
an  hour,  backed  her  into  the  slip,  tied  her 
close  and  fast,  and  started  the  engine.  In 
about  a  minute  that  big  propeller  set  up  such 
a  current  that  the  silt  began  floating  out  of 
the  slip  in  tons.  In  two  hours  I  called  at  their 
office  again,  left  a  good  cigar,  and  got  my 
$500. — Benjamin  Baker  in  Scribncr's  Maga- 
zine. 


NOTES 

The  highest  mine  in  the  world  is  the  Santa 
Barbara,  Bolivia,  South  America,  which  is  at 
an  altitude  of  18,000  ft.  above  sea  level. 

In  preparing  pure  white  table  salt  from  rock 
salt  the  process  employed,  from  the  days  of 
the  Romans,  has  been  that  of  solution  and 
evaporation.  An  English  inventor  has  devised 
a  process,  commercially  practicable,  by  which 
the  salt  is  purified  more  directly.  The  salt  is 
simply  melted  and  then  compressed  air  is 
driven  up  through  the  molten  mass.  Impuri- 
ties are  separated  and  deposited  and  the  salt  is 
left  white  and  pure.  The  salt  thus  produced  is 
said  to  be  exceptionally  fine,  and,  being  anhy- 
drous, does  not  cake. 


The  Burlington  Railroad  has  recently  bored 
an  artesian  well  at  Edgewater,  South  Dakota, 
with  highly  satisfactory  results.  A  geologist 
of  the  United  States  Geological  Survey,  who 
had  made  a  study  of  the  surface  outcrops  of 
the  region  stated  that  a  good  supply  of  water 
would  be  found  in  a  certain  stratum  of  rock 
which  lay  at  a  depth  of  about  3,000  feet.  When 
the  bore  reached  a  depth  of  2,980  feet  water 
rushed  out  at  the  rate  of  350  gallons  per 
minute,  or  about  half  a  million  gallons  a  day, 
supplying  a  most  urgent  need  of  that  section. 


The  vacuum  machine,  as  used  for  cleaning 
carpets  and  house  and  office  furnishings,  is 
now  used  also  for  cleaning  horses.  The  ap- 
paratus comprises  a  vacuum  pump  with  means 
for  driving  it,  a  vacuum  tank  with  gage  and 
separating  diaphragm  a  number  of  special 
vacuum  combs  and  connecting  pipes  and  tub- 
ing. A  horse  can  be  thoroughly  cleaned  in  one 
quarter  the  time  required  by  hand. 


The  rifled  oil  pipe  line  of  the  Southern  Pa- 
cific Co.  in  the  San  Joaquin  valley,  California, 
is  now  in  operation  for  a  length  of  120  miles. 
It  is  to  be  extended  to  nearly  300  miles.  Re- 
ports state  it  to  be  entirely  successful,  with  a 
movement  of  17,000  barrels  per  day  (8in. 
pipe).  There  are  eight  pumping-stations  on 
the  line.  The  water  which  is  pumped  in  forms 
an  outer  skin  about  1-8  in.  thick  at  the  begin- 
ning and  thicker  farther  along  the  line,  the  oil 
staying  in  the  interior,  due  to  centrifugal  ac- 
tion   (as  in  cream  separators). 


An  act  of  revenge  on  the  part  of  an  Italian 
laborer,  because  he  considered  he  had  been 
dismissed  without  cause,  has  cost  the  govern- 
ment of  Baden  the  sum  of  $875,000.  The  gov- 
ernment has  been  constructing  a  railroad  tun- 
nel through  the  Black  Forest  Mountains, 
working  in  from  each  end  to  meet  in  the 
centre.  It  was  discovered  to-day  that  the  two 
halves,  which  should  have  come  together  at  the 
village  of  Forbach,  miss  each  other  by  twenty- 
six  feet.  The  reason  is  a  mistake. in  the  survey 
which  arose  from  the  intentional  misplacing  of 
a  surveying  pin  by  the  Italian. 


Last  year  coal  was  mined  in  3.^95  mines  in 
Great  Britain,  as  against  3,461  in  1902.  The 
number  of  coal-cutting  machines  at  work  was 
1,136  as  against  483  the  preceding  year,  a  gain 
during  this  period  of  653  cutters.  It  is  appar- 
ent that  machines  are  rapidly  growing  in  favor. 
The  motive  power  is  still  a  debatable  point. 
In  Scotland  electricity  is  the  favorite,  171 
machines  being  driven  by  electricity  and  134 
by    compressed    air.      In    England    compressed 
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air  is  the  favorite,  in  one  district  the  disparity 
being  as  gre:it  as  158  compressed-air  ma- 
chines to  94  driven  by  electricity.  The 
machine-mined  coal  in  1906  was  10,202,506 
tons.  One  ton  in  every  25  was  mined  by  ma- 
chinery. 


In  a  tunnel  which  is  being  driven  to  connect 
the  Rausch  Creek  workings  with  the  big 
Brooksile  colliery  of  the  Philadelphia  & 
Reading  Coal  and  Iron  Company,  two  men 
were  recently  killed  by  lightning  a  quarter  of 
a  mile  from  the  entrance.  The  electric  con- 
nection with  the  outside  was  probably  through 
the  rails. 


A  new  electro-barograph  has  been  invented 
to  furnish  an  automatic  and  audible  signal  in 
case  of  a  sudden  and  dangerous  drop  of  mine 
pressure.  It  consists  of  an  aneroid  barometer, 
fitted  with  three  dry  cells  and  a  signal  bell. 
The  contact-maker  may  be  adjusted  at  the 
beginning  of  each  shift,  or  at  any  other  ap- 
pointed time.  The  distance  between  the 
pointer  and  the  brush  or  contact-maker  is 
adjusted  to  the  requirements  of  each  mine. 
As  soon  as  the  bar  of  the  barometer  falls  a 
certain  distance,  measured  by  the  interval  be- 
tween the  pointer  and  the  brush,  electric  con- 
tact takes  place  between  the  bar  and  the  brush. 
and  the  bell  rings. 


The  production  of  hydrogen  by  a  new  and 
cheap  process  is  reported  from  Germany  in  a 
Consular  Report  from  Chemnitz.  The  method 
which  has  been  devised  by  a  German  profes- 
sor, is  said  to  have  aroused  considerable  in- 
terest among  aeronauts  and  manufacturers 
who  use  hydrogen  in  the  arts.  The  materials 
employed  in  the  new  process  are  water,  coke 
and  calcium  carbide.  The  first  step  is  the 
production  of  water  gas,  which  is  obtained 
by  passing  steam  through  a  thick  bed  of  red- 
hot  coke,  and  consists  principally  of  a  mix- 
ture of  hydrogen  and  carbon  monoxide.  The 
latt  :r  is  removed  by  passing  the  water  gas 
over  glowing  calcium  carbide  in  the  form  of 
powder.  The  carbon  monoxide  is  completely 
decomposed,  uniting  with  the  carbide  to  form 
lime  and  pure  carbon,  and  leaving  the  hydro- 
gen isolated  with  an  admixture  of  but  one 
per  cent,  of  other  gases. 


LATEST  U.  S.   PATENTS 

Full  specifications,  and  drawings  0/  any  patent  may 
be  obtained  by  sending  fire  cents  (not  stumps)  to  the 
Commissi' ner  of  Patents,    Wash  ivy  ton,  L)   t.  . 

SEPTEMBER  1. 

897,290.  PNEUMATIC  EYE-PROTECTOR.  Al- 
bert E.  Jacobs,  Lancaster,  Pa. 
1.  In  a  device  of  the  class  described,  consist- 
ing o.  an  eye  protector,  a.  frame  formed  of  two 
adjacent  tubular  circular  eye  frames  formed 
with  openings  in  their  periphery,  a  tubular  nose- 
bridge  conntcting  said  eye  frames,  means  for 
connecting  said  eye  frames  to  flexible  piping, 
and  means  tor  supporting  said  flexible  tubes  and 
securing  the  device  to  the  head  of  the  wearer, 
tor  the  purpose  set  forth. 

897,356.        METHOD     OF     DRYING     AIR     FOR 
BLAST    FURNACES.      David   T.    Day,    Wash- 
ington,  D.   C. 
897,484.        PNEUMATIC     CONTROL     SYSTEM 

Philip   Pforr,   Berlin,   Germany. 
897,491.        ACETYLENE   -   GAS     APPARATUS. 

Nils  A.  Renstrom,  Omaha,  Neb. 
897, 49S.      MULTISTAGE   PUMP  FOR  PRODUC- 
ING A  VACUUM  OR  COMPRESSING  GASES. 
August  Siegel,   Berlin,   Germany. 
897,593.       APPARATUS    FOR    CONTROLLING 
THE  FLOW  OF  LIQUIDS.     James  W.   Cox, 
Berwyn,  111. 
897, 6i7.      ELECTRIC  AND  PNEUMATIC  GOV- 
ERNOR.    William   K.   Rankin,    Philadelphia, 
Pa. 
897,666.       METHOD    OF    CONTROLLING    AIR- 
SHIPS.    Mario  Schiavone,   Ferrandina,   Italy. 
897,676.    FLUID-FEEDING-PRESSURE    MECH- 
ANISM.     George  Thompson,    Mansfield,   Ohio. 
S97.S11.     AUTOMATIC  PNEUMATIC-TIRE  IN- 
FLATER.       Robert    C.    Barrie,    Philadelphia, 
Pa. 
897,813.     AIR-GUN.      Burton    B.   Bennett,   De- 
troit, Mich. 

SEPTEMBER    8. 

897,923.       PROCESS     OF     PRESERVING     EX- 
PLOSIVES.    Julien   Ortiz,   Greenville,   Del. 
1.    The  process  of  storing  explosives  to  retard 

their    spontaneous    decomposition    which    consits 

in    inclosing   a   quantity   of    the    explosive    in    an 

air   tight  compartment,    rarefying   the   air  in  the 

compartment    in   contact   with    the   explosive   and 

displacing    the    withdrawn    air    with    a    body    of 

anhydrous   air,    and   then    rarefying   the   body   of 

anhvdrous    air. 

897.958.  PNEUMATIC  HAMMER.  Joseph 
Boyer,   St.   Louis,   Mo. 

898,015.  AIR-LIFT  PUMP.  William  F. 
Spangler,  Greenfield.   Ind. 

898,022.  FLUID-PRESSURE  BRAKE.  Clar- 
ence A.  Tripp,   Los  Angeles,  Cal. 

898,096.  AIR  BRA.KE  COUPLING.  Joel  H. 
Cole,  Arkansas  City,  and  Joel  R.  Cole,  Win- 
field,   Kans. 

898,135.  VALVE-OPERATING  DEVICE  FOR 
COMPRESSORS.  William  Prellwitz,  Eas- 
ton.    Pa. 

898,194.  AUTOMATIC  GOVERNOR  FOR  PNEU- 
MATIC MOTORS.  Charles  L.  Davis,  De- 
troit,   Mich. 

898.214.  AUTOMATIC  PIPE-COUPLING  FOR 
RAILWAY-CARS.       Edward     E.     Gold,     New 

York.  N.  Y. 

S9S.264.  HYDRAULIC  AIR-PUMP.  JOHN  B. 
Ridout,   St.    Paul,    Minn. 

898,343.  AIR-LOCK  FOR  MINES  AND  TUN- 
NELS.      Patrick    H.    Durack,    El    Paso.    Tex. 

898.363.  INTERCOOLER.  Fred  D.  Holds- 
worth,   Claremont,   N.   H. 

S9x.?,s:t.  AIR-COMPRESSOR.  Frederick  W. 
Parsons,    Tarrytown,    N.    Y. 

SEPTEMBER    15. 

S9S.444.  APPARATUS  FOR  SUBJECTING  MA- 
TERIALS TO  THE  ACTION  OF  LIQUID  UN- 
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DER     PRESSURE.         Leon     Detre,     Rheims, 
France. 

1.  In  an  apparatus  for  subjecting  textile  or 
other  materials  to  the  action  of  liquids  under 
pressure,  in  combination,  a  reservoir  for  the 
liquid,  means  for  maintaining  a  pressure  on  the 
liquid  in  said  reservoir,  a  vessel  for  the  mate- 
rial and  in  communication  with  said  reservoir  so 
that  the  pressure  facilitates  the  penetration  of 
the  liquid  into  or  through  the  material,  and 
means  acting  independently  of  the  degree  of 
pressure  for  sucking  out  the  liquid  at  one  side 
of  the  material  in  the  vessel,  and  forcing  it  in  at 
the  other. 
898,461.    VACUUM-PUMP.     William  P.  M.  Gre- 

lick,   Elgin.   111. 
S9S.493.      ROTARY      AIR-PUMP.        Harry      M. 

Montgomery,    Chicago,    111. 
898,505.      PNEUMATIC    HAMMER.      Theodore 

< '.   Prouty,  Aurora,  111. 
Mts.r.tiG.  APPARATUS  FOR  THE  PRODUCTION 
OF   OZONE.      John    R.    Quain,    London,    Eng- 
land. 
898,522.       POWER     AIR-PUMP.       Williard    J. 

Spencer,   Waterbury,  Conn. 
898,524.        DEVICE     FOR    SUPPLYING    FIRE- 
MEN  WITH    IRESH  AIR.     Patrick  H.  Sul- 
livan, Detroit,  Mich. 
898,542.      PNEUMATIC    -    DESPATCH   -   TUBE 
SYSTEM.      Franklin    H.    Wolever,    Chicago, 
111. 
S9S.IJ01.        PROCESS      OF      MANUFACTURING 
GAS.      Hawley   Pettibone,   New   Rochelle,   N. 
V. 
S98.606.  AUTOMATIC       GOVERNOR       FOR 

FLUID-COMPRESSORS.      Edward    J.    Rohr- 
bacher,   Blaine.    Wash. 
898,612.       COMPRESSED-AIR    WASHING    DE- 
VICE.    Joseph  A.  Vance,  Columbus,  Ohio. 
S9S.659.     COMPRESSOR.     Henry  Kuehl,   Phil- 
adelphia.   Pa. 
898,679.    BRACE   ATTACHMENT  FOR  FLUID- 
PRESSURE-OPERATED   TOOLS.        William 
Prellwitz.   Easton,    Pa. 
898,702.      HAMMER-DRILL.      Albert    H.    Tay- 
lor,   Easton.    Pa. 
898,712.  PNEUMATIC       VEHICLE-SPRING. 

Truman    G.    Wilkinson,    South    Williamsport, 
Pa. 
S9N.746.      DOUBLE-ACTING   WET-AIR    PUMP. 

Emil  Josse,   Berlin,   Germany. 
It.Vt.Tiil.        PNEUMATIC     ACTION.       Hermann- 
Meyer,  New  York,  N.    Y. 
S9S.775.       AIR    CONVEYER.       Edwin     Norton, 
Lake   Placid,   N.   Y. 


1.  The  combination  of  a  sheet  or  pack  rolling 
mill,  an  air  conveyor  tor  the  hot  rolled  sheets  or 
packs,  said  air  conveyer  comprising  a  casing 
provided  with  air  ducts  constructed  so  as  to  di- 
r<  c1  air  from  the  casing  upwardly  against  the 
sheets  or  packs  and  forwardly  in  the  direction 
in  which  the  same  are  to  be  conveyed,  and  means 
Eor  artificially  cooling  the  air  before  it  is  dis- 
charged against  the  said  sheets  or  packs  being 
conveyed. 
898,856.      DRY-PIPE   VALVE.      Powell   Evans, 

Philadelphia,    Pa. 
V>s,:r>7.       VACUUM    MINING    DEVICE.      Jerry 

B.   Riddle,   Sacramento,  Cal. 

SEPTEMBER    22. 

899,027.  ROTARY;        AIR    -    COMPRESSOR. 

George  F.  Burton,  Woodlawn,  Ala. 
S99.HH.        CONTROLLER      FOR     PNEUMATIC 

PUMPS.      Elias    W.    Conkell,   Canton,  Ohio. 
899,110.       AUTOMATIC    AIR-VALVE.       George 

D.  Hoffman,  New   York,  N.  Y. 
899,226.      RESPIRATION  APPARATUS.      Peter 

Lord,   Worcester,    Mass.  ;     Martha  V.   Lord  ad- 
ministratrix of  said  Peter  Lord,  deceased. 
899,246.      AUT<  >MATIC  SANDING  APPARATUS 

FOR   FLUID-PRESSURE  BRAKES.     Edward 

< ;.   Desoe,  West  Springfield,  Mass. 
899,263.       AUTOMATIC        PRESSURE-GOVER- 
NOR.    George  M.  Richards,   Erie,  Pa. 
899,289.     APPARATUS  FOR  PURIFYING  AND 

HUMIDIFYING  AIR.     William  G.  R.  Bream- 

ki:.  Buffalo,  N.  Y. 
899,427.       AIR-BRAKE     SYSTEM.       James     D. 

Nichol,  Amadore,  Mich. 
899,458.      PUMPING   APPARATUS.     George  J. 

MURDOCK,  Newark,  N.  J. 

1.  In  pumping  apparatus  such  as  described,  an 
air  chamber  provided  with  an  inlet  and  with  an 
nutlet,  separate  from  said  inlet,  for  the  fluid  to 
lie  pumped,  in  combination  with  a  source  of  sup- 
ply of  pulsations  of  fluid  under  pressure,  and 
means  connecting  the  same  to  the  interior  of 
said  chamber  at  a  point  below  the  top  thereof. 
S99.4t!2.        AIR    -     VALVE     FOR     HYDRAULIC 

JACKS.     James   W.   Nelson  and  -William  H. 

Mathers,   New  York,  N.  Y. 
899,480.      PRESERVING  WOOD.  Walter  Bueh- 

lek,    Minneapolis,   Minn. 
12,857.        (Reissue).       VALVE.        William     H. 

Kline,  Dunbar,  Pa. 

1.  In  a  device  of  the  character  described,  stor- 
age reservoir,  a  fluid  compressor  provided  with 
a    port    to   admit    fluid   under   pressure    from    the 
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compressor  to  the  reservoir,  a  port-closure 
adapted  to  control  the  flow  of  fluid  through  the 
port  and  from  the  compressor  to  the  reservoir, 
a  piston  adapted  to  operate  said  port-closure,  a 
cylinder  in  which  said  piston  is  mounted  to  recip- 
rocate, a  pipe  disposed  to  admit  a  fluid  under 
pressure  from  the  compressor  to  the  cylinder  to 
operate  the  piston,  a  valve  located  in  said  pipe, 
and  means  for  admitting'  a  fluid  from  the  reser- 
voir to  hold  the  said  valve  normally  closed,  the 
parts  being  so  disposed  that,  when  the  tension  of 
the  fluid  in  the  compressor  exceeds  the  tension  of 
the  fluid  in  the  reservoir,  the  valve  is  opened  to 
admit  fluid  to  the  cylinder. 


SEPTEMBER    2  9. 
S99.508    MEANS    FOR    VENTILATING    MINES 
AND       REMOVING       DUST       AND       GASES 
THEREFROM.  Frank  T.  Bters,  Mount  Pleas- 
ant, Pa. 

1.  Apparatus  for  the  ventilation  of '  mines  and 
the  removal  of  dust  and  gases  therefrom,  com- 
prising means  for  closing  the  entrance  of  the 
mine,  means  for  reducing  the  atmospheric  pres- 
sure therein,  means  for  introducing  air  at  a 
higher  pressure  into  the  inner  ends  of  the  cham- 
bers or  rooms,  thereby  causing  drafts  from  the 
rooms  into  the  headings  of  the  mine,  and  means 
for  conducting  the  dust  and  gases  from  the  head- 
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ings  into  dust  settling  and  collecting  chambers. 
899.551.     WEIGHING  APPARATUS.     Henry  B. 

Morris.   Grand  Rapids,   Mich. 

1.  An  apparatus  for  obtaining  accurate  weight, 
comprising  scales  on  which  a  filled  receptacle  is 
supported,  means  adapted  to  be  inserted  into  and 
withdrawn  from  the  upper  part  of  the  receptacle 
while  on  the  scales  to  withdraw  surplus  material 
from  the  upper  surface  thereof,  and  devices  for 
arresting   the   withdrawing   action   when    the   de- 


sired accurate  weight   has  been  obtained. 
899. 55S.         BLOWING-ENGINE.         Gustave    B. 
Petsche,    Philadelphia.   Pa. 

899.583.  GAS-PUMP.  Richard  Whitaker,  New 
Brunswick,  N.  J. 

899.584.  VALVE  FOR  GAS-PUMPS.  Richard 
Whitaker,  New  Brunswick,  N.  J. 

899,599.  SENDING  MECHANISM  FOR  PNEU- 
MATIC-DESPATCH SYSTEMS.  Chester  S. 
Jennings.  Boston,  Mass. 


J h 

1  1 11        II 

©' 

B99720 


Pneumatic  Patents,  September  29. 


COPIED 

MAGAZINE 

EVERYTHING  PNEUMATIC. 


Vol.  xiii 


DECEMBER,   1908 


No.  12 


COMPRESSED  AIR  AT  HIGH 
ALTITUDES 

Why  More  Air  is  Required — Simple  Meth- 
ods for  Calculating  the  Power  Needed 
for  Compressing. 

By  S  B.  Redfield. 

Most  users  of  compressed  air  are  aware 
of  the  fact  that  at  high  altitudes,  such  as 
a  mine  located  in  mountainous  country,  a 
greater  quantity  of  compressed  air  at  a  given 
pressure  is  required  to  do  a  given  amount  of 
work,  such  as  rock  drilling,  than  would  be  re- 
quired to  do  the  same  amount  of  work  at  sea 
level. 

Furthermore,  the  catalogues  of  the  various 
makers  of  air  compressors  give  lists  of  special 
compressors  with  extra  large  cylinder  diam- 
eters, for  altitude  work.  These  tables  show 
that  the  higher  the  altitude,  the  greater  the 
volume  of  air  that  may  be  compressed  to  a 
given  gage  pressure  with  an  equal  amount  of 
work.  Thus  it  appears  that  while  more  air 
is  required  to  do  a  given  amount  %of  work 
at  a  high  altitude,  more  air  may  be  compressed 
to  a  given  pressure  at  that  altitude  with  a 
given  amount  of  power,  and  the  question 
naturally  arises  as  to  whether  or  not  these 
two  effects  neutralize  each  other  with  the  re- 
sult that  the  total  actual  amount  of  power 
required  to  do  work  at  a  high  altitude  may  re- 
main the  same  as  at  sea  leved.  In  reality  these 
two  effects  do  not  neutralize  each  other,  and 
in  studying  this  question,  the  diagrams  pre- 
sented will  serve  to  clearly  show  the  actual 
conditions. 

THE   REASON    WHY. 

Before  arriving  at  final  results,  a  study  of 
the  "reason   why"  wijl  be   of  interest.     In   the 


first  place,  why  does  it  take  more  air  at  a 
high  altitude  to  do  a  given  amount  of  work? 
The  first  and  most  obvious  answer  to  this 
question  is  that  the  air  is  "rarer"  at  a  high 
altitude.  This  is  a  good,  general  answer  when 
air-operated  machinery  is  viewed  as  a  heat 
engine,  but  it  does  not  give  a  sufficient  ex- 
planation for  most  people. 

Work  is  the  product  of  a  force  through 
a  distance.  Suppose  the  working  medium  is 
compressed  air,  and,  naturally,  that  it  exerts- 
its  pressure  against  the  face  of  a  piston.  Then 
the  product  of  the  air  pressure  by  the  area  of 
the  piston  will  give  the  "force,"  and  the  travel 
of  the  piston  will  give  the  "distance,"  resulting 
in  work  accomplished.  Of  course,  the  air 
must  have  a  definite  pressure,  the  piston  a  de- 
finite area  and  the  travel  must  be  defined  in 
order  to  do  a  definite,  measured  amount  of 
work.  The  actual  air  pressure  which  does  the 
work  is  the  difference  between  the  absolute 
pressure  on  one  side  of  the  piston,  and  the 
atmospheric  pressure  on  the  other  side;  in 
other  words,  it  is  the  gage  pressure.  Now  it 
is  the  atmospheric  pressure  which  changes  at 
high  altitudes,  and  it  is  this  that  makes  all  the 
difference  in  air  required  and  power  de- 
veloped. 

As  it  is  the  gage  pressure  which  actually 
does  the  work,  a  given  gage  pressure  will  exert 
the  same  force  on  an  equal  piston  area  at  any 
altitude.  For  instance,  100  pounds  gage  press- 
ure per  square  inch  acting  on  a  piston  area  of, 
say,  100  square  inches,  will  exert  a  total  force 
of  10,000  pounds,  no  matter  what  the  altitude 
or  atmospheric  pressure  may  be. 

This  may  be  viewed  in  another  way.  At 
sea  level  100  pounds  gage  pressure  will  be 
1 14.7  pounds  per  square  inch  absolute,  and  act- 
ing on  100  square  inches  will  exert  11,470 
pounds    pressure    on    one    side    of   the   piston, 
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while  the  atmosphere  will  exert  14.7  pounds 
per  square  inch  absolute  on  the  other  side,  or 
1  470  pounds  pressure.  The  resultant  force 
is  11,470 — 1,470=10,000  pounds  urging  the 
piston  on.  If  the  altitude  were  8,000  feet 
above  sea  level  and  the  atmospheric  pressure 
were  10.9  pounds  absolute,  100  pounds  gage 
pressure  would  be  110.9  pounds  absolute,  and- 
acting  on  100  square  inches  of  piston  area  the 
total  force  exerted  would  be  11,090  pounds, 
while  the  atmosphere  on  the  other  side  would 
exert  a  pressure  of  10.9  pounds  per  square 
inch,  or  1,090  pounds  upon  the  back  of  the 
pic-ton.  The  esultant  force  is  11,090 — 1,090-.: 
10,000  pounds  tending  to  move  the  piston,  as 
before. 

From  this  it  is  seen  that  the  change  in  at- 
mospheric pressure  due  to  altitude  has  no 
effect  whatever  on  the  net  force  exerted  upon 
a  given  piston  area  by  a  given  gage  pressure. 
Then  why  is  more  air  required  to  do  work 
at  a  high  altitude?  The  cause  lies  in  the  vol- 
ume of  compressed  air  The  quantity  of  com- 
pressed air  required  to  fill  a  given  space  de- 
pends upon  the  pressure  of  the  air,  and  it  is 
the  absolute  pressure  to  which  it  is  directly 
proportional. 

Again,  let  us  assume  100  pounds  gage  press- 
ure and  100  square  inches  of  piston  area  and 
let  the  distance  moved  through  be  I  foot. 
Then  no  matter  what  the  altitude,  the  total 
force  exerted  will  be  10,000  pounds,  as  already 
shown,  and  moving  through  1  foot  of  distance 
the  work  performed  will  be  1 0,000  foot-pounds. 
The  quantity  of  free  air  required  to  do  this 
work  nonexpansively  will  be  the  volume  of 
the  cylinder  multiplied  by  the  absolute  ratio  of 
compression  of  the  air,  or  the  number  of  times 
it  has  been  compressed.  At  sea  level,  the 
Tatio  of  compression  would,  in  this  case,  be 
1 14.7  -7=  14.7  =  7.8.  The  volume  of  the  cylin- 
der we  are  considering  is  1,200  cubic  inches, 
or  0.694  cubic  foot,  so  the  total  quantity  of 
free  atmospheric  air  that  would  be  used  at  sea 
level  would  be  0.694X7.8=5.42   cubic   feet. 

If  this  had  been  done  at,  say,  8,000  feet  alti- 
tude, and  the  atmospheric  pressure  were  10.9, 
the  ratio  of  compression  would  have  been 
110.9-f- 10.9=  10.16.  Then  the  total  quan- 
tity of  free  atmospheric  air  that  would  have 
been  used  at  8,000  feet  altitude  would  be 
0.694  X  10.16  =  7.05  cubic  feet. 

By  this  it  is  seen  that  while  at  sea  level  5.42 


cubic  feet  of  free  atmospheric  air  acting  at 
100  pounds  gage  pressure  will  do  10,000  foot- 
pounds of  work,  it  will  require  7.05  cubic  feet 
of  free  air  to  do  the  same  work  acting  on  the 
same  piston  at  8,000  feet  altitude.  This  is  an 
increase  of  30  per  cent  of  free  air  or  piston 
displacement  of  compressor  required,  and  is, 
of  course,  based  on  nonexpansive  operation, 
as  is  usually  the  case  with  air-operated  ma- 
chinery. 

POWER    REQUIRED   TO   COMPRESS   THE   AIR. 

Now  to  look  at  the  matter  of  the  power  re- 
quired  to  compress  this  increased  quantity  of 
air  at  a  high  altitude.  The  formula  for  the 
power  required  to  compress  100  cubic  feet  of 
free  air  per  minute  to  any  pressure  is,  for 
single-stage  compression  : 

Indicated  Horsepowers 


..(*   -,). 


1.51  h 

For  compound  compression  the  formula  is 
Indicated  Horscpozvei— 


.02  p,\  R      —  1/. 


In  these  formulas  p1  is  the  absolute  initial 
pressure  per  square  inch  at  the  inlet  to  the 
compressor,  usually  that  of  the  atmosphere, 
and  R  is  the  ratio  of  compression,  or  the  abso- 
lute discharge  pressure  divided  by  the  abso- 
lute initial  pressure.  This  shows  that  the 
power  required  to  compress  a  given  cylinder 
volume  of  air  to  any  pressure  depends  upon 
the  initial  or  atmospheric  pressure.  As  this 
factor  appears  in  the  formulas  both  outside  the 
bracket,  to  the  first  power,  and  also  in  the 
ratio  of  compression  raised  to  a  fractional 
power,  it  is  plain  that  the  power  required  will 
not  vary  in  a  simple  ratio  with  the  intake 
or  atmospheric  pressure.  As  the  quantity  of 
air  required  to  do  a  certain  amount  of  work 
does  vary  directly  with  the  ratio  of  compress- 
ion, which  is  dependent  upon  the  atmospheric 
pressure,  it  is  clear  that  the  one  does  not 
increase  at  the  same  rate  at  which  the  other 
decreases,  and  the  net  result  of  power  required 
to  do  a  certain  amount  of  work  by  com- 
pressed air  will  vary  with  the  atmospheric 
pressure   and   therefore   with   the   altitude. 
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By  figuring  out  the  amount  of  air  required 20  pounds  pressure  drop  in  the  pipe  line  is,  of 


and  the  amount  of  power  required  to  compress 
this  air,  to  do  a  given  amount  of  work,  at 
various  altitudes,  it  will  be  found  that  the 
higher  the  altitude  the  more  power  it  will 
take  to  do  this  work.  Of  course  the  pressure 
of  the  air  has  some  bearing  on  the  subject, 
but  it  is  a  fact  that  within  the  limits  of  usual 
pressures  employed,  the  increase  of  power 
varies  very  little  with  the  air  pressure,  at  a 
given  altitude. 

The  curves  given  in  Fig.  1  show  how  the 
free  air,  or  compressor-piston  displacement, 
and  the  power  required  increase  with  the  alti- 
tude. The  increase  is  given  in  percentage  of 
that  required  at  sea  leved.  The  curves  of  pis- 
ton displacement  increase  are  calculated  with 
both  100  pounds  and  80  pounds  gage  pressure 
at  the  drills,  and  the  curves  of  power  increase 
are  calculated  with  100  pounds  gage  pressure 
at  the  compressor,  as  a  basis.  It  should  be 
understood  that  this  latter  pair  of  curves 
does  not  show  the  change  in  power  required 
to  compress  a  given  amount  of  air.  but  that 
it  does  show  the  increase  of  power  required  in 
the  compressor  to  do  a  given  amount  of  work 
in  such  a  device  as  a  rock  drill,  or  other  re- 
ciprocating machine,  operated  by  compressed 
air  without  cutoff  or  expansion.  The  full-line 
power  curve  shows  theoretical  results,  count- 
ing or  using  the  air  in  the  drill  at  exactly  the 
same  pressure  as  that  of  the  compressor  dis- 
charge, or  in  other  words,  without  pipe-line 
pressure  drop.  The  broken  line  is  calculated 
on  a  basis  of  using  the  air  in  the  drill  at  a 
pressure  20  pounds  below  that  of  the  com- 
pressor. 

From  these  power  curves  it  appears  that  at 
10.000  feet  altitude,  with  no  pressure  drop,  the 
power  required  is  15.2  per  cent,  more  than  at 
sea  level,  while  if  20  pounds  pipe-line  pressure 
drop  is  allowed,  the  increase  is  about  14. 1  per 
cent.  At  5,000  feet  altitude,  these  figures  are 
7.25  and  6.85  per  cent,  respectively.  This 
statement  is  liable  to  raise  a  misunderstand- 
ing, for  it  seems  to  show  that  a  pressure  loss 
in  the  pipe  line  is  an  advantage,  which  is 
against  common-sense  reasoning. 

As  a  matter  of  fact,  the  full-line  and  brokeri- 
line  power  curves  in  Fig.  1  should  not  be  com- 
pared with  each  other,  for  any  point  on  either 
•curve  is  relative  to  other  points  on  itself  only. 
The  actual  power  required  at  any  altitude  with 


course  more  than  that  required  without  any 
pressure  drop,  but  at  a  higher  altitude  the 
increase  of  power  required,  due  to  that  alti- 
tude, is  less  than  when  there  is  none.  This  is 
easy  to  see  when  it  is  remembered  that  a 
given  measured  increase  of  power  would  be  a 
smaller  percentage  of  the  larger  power,  and  it 
is,  of  course,  advisable  to  have  as  little  press- 
ure loss  in  the  pipe   line  as  is  possible.     The 


w 

1 

-£/\f 

Siii 

J>Ji 

Mi 

1^1 

0//4 

/o* 

.<-' 

y/> 

201 
16* 

— -A 

'lis 

• 

±0 

ui 
m 
101 

S.W 

&//& 

c< 

\& 

V* 



4,, 

it 

1*  % 

t*°  •-* 

<0  Altitude-  :il>ovc  Sec  Level 

FIG.     I 

curves  are  figured  on  compound  compression 
because  this  is  the  most  usual,  especially  for 
altitude  work,  where  the  ratio  of  compression 
increases  considerably,  giving  rise  to  high 
cylinder  temperatures. 

The  most  useful  feature  of  this  discussion 
will  be  found  in  Figs.  2,  3,  and  4,  where  curves 
are  plotted  to  show  how  the  indicated  horse- 
power required  to  compress  100  cubic  feet  pis- 
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ton  displacement  of  free  air  per  minute  varies 
with  the  pressure  at  different  altitudes,  and 
also  how  it  varies  with  the  altitude  at  differ- 
ent pressures.  These  two  sets  of  curves 
viewed  together  reveal  the  rather  curious  fact 
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that  although  the  indicated  horsepower  at  a 
given  altitude  varies  with  the  pressure  in  a 
curved  line,  the  variation  with  the  altitude  at 
a  given  pressure  looks  like  a  straight  line 
(Fig.  4). 

These  lines  are,  however,  not  straight,  for 
when  the  calculations  are  carried  through  a 
wider  range  of  intake  pressure  variation,  it  is 
found  that  the  lines  begin  to  curve  to  a  very 
marked  degree.  This  is  shown  in  the  two 
lower  curves  of  Fig.  6.  In  this  figure,  hori- 
zontal distances  represent  absolute  initial 
pressure  at  the  compressor  intake,  and  the 
marking  on  the  various  curves  clearly  indi- 
cates what  they  each  represent.  All  the  calcu- 
lations illustrated  in  Fig.  6  are  based  on  ioo 
pounds  gage,  compressor-discharge  pressure, 
assuming    the     atmospheric,     or     initial-intake 


pressure,  to  vary  from  zero  or  absolute 
vacuum,  to  a  maximum  of  300  pounds  abso- 
lute. 

These  curves,  then,  may  be  taken  to  show 
what  would  occur  in  caisson  work,  where 
drills  are  operated  in  an  atmosphere  denser 
than  that  existing  outside,  assuming  that  the 
drill  compressor  draws  its  air  supply  from  the 
caisson  itself.  As  before  stated,  the  working 
pressure  is  100  pounds  gage  at  all  times;  that 
is  a  pressure  gage  placed  in  the  dense  atmos- 
phere and  connected  to  the  compressor  dis- 
charge would  always  read  too  pounds  no  matter 
what  the  absolute  pressure  of  the  atmosphere  in 
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the  caisson.  For  instance,  when  the  absolute 
pressure  of  the  caisson  atmosphere  is  20 
pounds,  the  absolute  compressor  discharge  is 
120;  when  it  is  50  pounds  the  absolute  com- 
pressor-discharge pressure  is  150  pounds,  and 
when  the  atmosphere  is  at  200  pounds,  the 
discharge  pressure  is  300  pounds  absolute. 
Of  course,  in  practice,  caissons  are  seldom 
or  ever  operated  with  an  atmosphere  above 
40  pounds  gage,  or  55  pounds  absolute,  so,  for 
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actual  conditions,  the  curves  in  Fig.  4  could 
have  been  limited  between  an  initial  pressure 
of  10  pounds  absolute,  for  10,000  feet  altitude 
work  and  55  pounds  absolute  for  the  heaviest 
caisson  work.  However,  the  calculations  were 
extended  from  zero  to  300  pounds  absolute- 
initial  pressure  simply  to  show  the  trend  of 
the  curves. 

It   will   be   seen   that   the   curves   of   the   in- 
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dicated  horsepower  per  100  cubic  feet  com- 
pressor displacement  for  single-stage  and  for 
compound  compression  both  start  at  zero  in- 
dicated horsepower,  with  zero  atmosphere,  or 
absolute  vacuum,  and  as  the  atmospheric 
pressure  increases  they  diverge  considerably, 
well  showing  the  saving  by  compound  com- 
pression. However,  as  the  atmospheric  press- 
ure increases  and  the  ratio  of  compression  be- 
comes less  and  less  (at  14.7  pounds  absolute- 
initial  pressure  the  ratio  of  compression  is  7.8 


and  at  300  pounds  absolute-initial  pressure  it 
is  only  1.5,  assuming  always  100  pounds  gage 
discharge  pressure),  the  two  lines  again  come 
nearer  and  nearer  each  other,  until  they  meet 
at  infinity. 

Above  these  two  indicated  horsepower  fac- 
tor curves  is  another  curve  showing  the  com- 
pressor displacement  required  per  100  cubic 
feet  of  drill-cylinder  displacement,  under  what 
might  be  termed  extended  caisson  conditions. 
Above  this,  again,  are  curves  showing  the  total 
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indicated  horsepower  required  in  the  com- 
pressor per  100  cubic  feet  of  drill-cylinder  dis- 
placement per  minute.  This  drill  displacement 
may  be  taken  as  the  measure  of  the  actual 
work  done  by  the  air  in  the  drill,  because  the 
working  pressure  is  assumed  to  always  re- 
main at  100  pounds  gage.  All  these  lines  then 
show  the  various  requirements  of  air  and 
power  to  do  the  same  amount  of  work  in  the 
drills,  as  the  caisson  atmosphere  is  varied 
from  vacuum  to  300  pounds  absolute. 

Assuming  single-stage  compression,  it  ap- 
pears that  while  the  total  compressor  indicated 
horsepower  per  100  cubic  feet  of  drill  displace- 
ment per  minute  is  142  when  the  atmosphere 
is  at  14.7  pounds  absolute,  or  normal,  the  com- 
pressor power  required  is  only  82  indicated 
horsepower,  or  58  per  cent,  of  this,  when  the 
caisson  atmosphere  is  55  pounds  absolute,  or 
40  pounds  gage.  Comparing  the  power  re- 
quired at  55  pounds  absolute  caisson  pressure 
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FIG.  6 


by  single-stage  compression  with  compound 
compression  at  14.7  pounds  absolute-atmos- 
pheric pressure,  we  have  120  for  the  latter, 
and  82  for  the  former,  and  82  is  68  per 
cent,  of  120.  Compound  compression  would 
not  pay  for  an  atmosphere  above  20 
pounds  absolute,  with  100  pounds  gage  work- 
ing pressure,  because  the  ratio  of  compression 
becomes  too  small. 

As  a  matter  df  fact,  in  actual  caisson  work, 
the  compressors  driving  the  drills  usually  draw 
their  air  supply  from  the  natural  outside  at- 
mosphere and  thus   add   their  output,   through 


the  drills,  to  the  air  being  pumped  directly 
into  the  caisson.  It  would  at  first  appear  that 
they  would  save  considerable  power  by  draw- 
ing the  air  for  the  drills  from  that  in  the  cais- 
son, thus  using  it  over  and  over  again,  but  of 
course  just  exactly  the  amount  of  air  used  by 
the  drills  would  have  to  be  pumped  into  the 
caisson  by  the  low-pressure  compressors,  to 
keep  out  the  water,  so  nothing  would  be  saved 
by  this  means  after  all. 

Some  attempts  have  been  made  to  apply 
this  high  intake-pressure  method  of  operation 
to  the  driving  of  drills  and  pumps,  and  much 
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calculation  and  writing  has  been  done  on  the 
subject,  which  is  known  as  the  "dense-air  sys- 
tem." Its  theoretical  savings  are  indeed  at- 
tractive, but  it  is  a  difficult  system  to  govern, 
not  being  flexible,  and  the  troubles  with  leak- 
age in  the  double  pipe  lines,  and  many  other 
difficulties,  have  prevented  its  extensive  adop- 
tion. There  are,  however,  some  large  ex- 
amples of  its  use  in  the  South  African  mines, 
at  the  present  time. 

The  curves  given  in  Figs.  2,  3  and  4  will  be 
found  useful  for  figuring  the  power  required 
to  drive  a  compressor  of  a  given  size  at  any 
altitude  from  sea  level  to  10,000  feet  elevation. 
The  figures  give  theoretical  adiabatic  indicat- 
ed horsepowers  developed  in  the  compressing 
cylinders,  per  100  cubic  feet  of  piston  dis- 
placement per  minute,  and  to  these  should 
be  added  about  12  per  cent,  for  a  steam  ma- 
chine and  20  per  cent,  for  belt  driving,  to  al- 
low for  mechanical  efficiency  of  the  moving 
parts  of  the  machine,  belt,  etc. 

Fig.  5  shows  the  variation  in  atmospheric 
pressure  with  altitude,  from  which  the  other 
curves  were  figured.  Of  course,  weather 
conditions  affect  the  atmospheric  pressure 
quite  materially,  but  the  curve  is  meant  to 
represent  average   fair-weather  conditions. 

Fig.  6,  while  not  of  direct  commercial  use. 
will  prove  of  interest  in  showing  what  occurs 
under  various  conditions  of  intake-pressure 
variation,  and  if  it  sheds  any  additional  light 
on  the  somewhat  complicated  subject  of  air 
compression,  its  calculation  will  not  have  been 
made  in  vain. — Power  and  The  Engineer. 


REINFORCING  CORRODED  TROL- 
LEY POLES 

One  of  the  largest  electric  railway  com- 
panies in  this  country  recently  determined  to 
strengthen  several  thousand  trolley  poles 
which  threatened  to  become  useless  from 
corrosion.  The  accompanying  cut,  from  the 
Electric  Railway  Journal,  shows  the  apparatus 
employed  and  a  description  of  the  mode  of 
working  follows. 

The  workingmen  who  reinforce  the  poles 
are  furnished  either  with  a  wagon  or  a 
ladder  and  a  vehicle  which  carries  a  grout- 
ing tank  and  a  motor-driven  compressed  air 
outfit  operated  by  current  tapped  from  the 
trolley   wire.      In    repairing   a   pole   the   first 


step  is  to  remove  the  cap  from  the  pole  and 
then  drop  into  the  latter  a  reinforcing  cage 
built  of  high  carbon  steel  twisted  bars.  At 
the  factory  the  lower  ends  of  these  rods  are 
set  in  a  concrete-iron  base,  but  at  the  top 
a  hooked  cap  temporarily  confines  the  upper 
ends  of  the  rods  to  allow  the  cage  to  pass 
through  the   narrower  upper   section   of  the 
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pole.  Upon  the  withdrawal  of  this  cap  from 
above  the  rods  flare  out  against  the  side  of 
the  pole,  but  are  prevented  from  touching 
it  through  the  interposition  of  shims. 

The  next  step  is  to  force  the  concrete 
into  the  pole  from  the  grout  tank  by  way 
of  a  line  of  armored  hose.  When  enough 
concrete  to  cover  the  rods  has  been  injected, 
the  pole  cap  is  replaced,  and  the  setting  of 
the  concrete  does  the  rest.  The  size  of  the 
rods  and  quantity  of  concrete  varies,  of 
course,  with  the  degree  of  reinforcement  de- 
sired, but  in  all  cases  this  method  brings  ■ 
the  advantage  of  a  reinforcement  which  ex- 
tends above  and  below  the  ordinary  limit  of 
corrosion.  It  has  been  found  that  the  en- 
tire process  can  be  carried  out  in  a  few 
minutes,  so  that  even  in  the  narrowest 
streets  there  is  no  appreciable  interference 
with  traffic. 
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COMPRESSED  AIR  HYGIENE  AND  THE 
ADVANTAGES  OF  STAGE-DE- 
COMPRESSION 

The  following  is  condensed  from  an  elabor- 
ate address  by  Dr.  J.  S.  Haldane  before  the 
Society  of  Arts : 

THE    EARS    FIRST   AFFECTED. 

When  a  man  is  subjected  to  an  increased 
air  pressure  his  first  experience  is  usually  a 
sense  of  pressure  and  discomfort,  which  may 
become  an  acute  pain,  in  his  ears.  The  middle 
ear  is  an  air  cavity  communicating  by  a  very 
restricted  passage,  the  Eustachian  tube,  with 
the  back  of  the  nose.  If  this  tube  does  not 
admit  the  air  freely  the  pressure  in  the  mid- 
dle car  is  less  than  outside,  the  drum  mem- 
brane is  pressed  inwards,  the  blood-vessels  of 
the  wall  of  the  middle  ear  are  distended, 
and  rupture  of  the  membrane  or  bleeding  is 
apt  to  occur. 

Persons  differ  greatly  in  the  readiness  with 
which  their  Eustachian  tubes  pass  the  air,  a 
peculiar  swallowing  movement  at  the  back  of 
the  mouth  will  usually  greatly  assist  the  oper- 
ation. To  avoid  risk  of  injury  the  rise  or  fall 
of  pressure  in  the  air  lock  must  be  regulated 
to  the  individual  susceptibility.  One  minute 
or  less  for  atmosphere  of  pressure  change  is 
not  too  fast  for  some,  but  others,  particularly 
new  hands,  require  a  much  slower  rate.  It 
seems  desirable  to  restrict  the  air  inlet  to 
avoid  sudden  rise  of  pressure,  and  the  man  in 
charge  should  see  that  no  one  suffers  pain. 

DISTRESS    IN    BREATHING. 

When  a  diver  reaches  a  depth  of  70  to  90 
feet  his  breathing  is  much  oppressed  and  his 
capacity  for  work  is  greatly  diminished.  It 
has  been  assumed  that  the  pressure  on  the 
body  interfers  with  the  breathing,  but  the  car- 
bon dioxide  in  the  air  is  the  real  cause.  Under 
normal  conditions  the  breathing  is  always  so 
regulated  as  to  keep  the  partial  pressure  of 
the  carbon  dioxide  in  the  air  of  the  lung 'cells, 
or  alveoli,  almost  exactly  constant.  If  the  bar- 
ometric pressure  varies  the  percentage  of  C 
()..  varies  inversely,  so  that  the  pressure  of  the 
C  02  itself  remains  constant.  The  respiratory 
center  is,  within  very  wide  limits,  absolutely 
indifferent  to  variations  in  the  pressure  of  oxy- 
gen, the  want  of  it  only  being  responded  to 
when  the  pressure  of  oxygen  in  the  air  in- 
spired    falls    below    about    two-thirds    of    the 


normal.  If  C  02  is  present  in  the  air  inspired, 
the  effect  is  to  make  the  breathing  deeper,  and 
finally  also  more  frequent.  Unless,  however, 
the  pressure  of  C  02  in  the  inspired  air  begins 
to  approach  the  normal  alveolar  C  02  pressure, 
there  is  very  little  change  in  this  pressure, 
compensation  being  produced  very  easily. 

The  work  involved  in  pumping  compels  a 
diver  to  content  himself  with  a  minimum  sup- 
ply of  air.  If  when  he  is  just  under  the  sur- 
face of  the  water  he  has  enough  air  to  pre- 
vent the  C  02  percentage  in  his  helmet  air 
from  rising  above  3,  while  he  is  at  work,  this 
will  keep  him  fairly  comfortable;  but  if  he 
now  goes  down  S3  ft.,  the  air  supply  being  the 
same,  the  percentage  of  C  02  in  the  helmet  air 
will  also  remain  the  same.  As,  however,  the 
pressure  is  now  two  atmospheres,  his  normal 
alveolar  C  02  per  centage  will  be  2.8  instead 
of  5.6. 

INCREASE  THE  AIR   SUPPLV. 

Without  an  increased  air  supply  it  will  be 
quite  impossible  for  him  to  maintain  this  per- 
centage of  C  02  in  his  alveoli,  since  during 
work  the  percentage  in  the  inspired  air  itself 
is  3,  and  he  will  suffer  from  severe  panting. 
The  diver  must  have  twice  as  much  air  at  33 
ft.  to  be  as  comfortable  as  at  the  surface,  and 
at  whatever  depth  he  may  be,  his  minimum  air 
supply  must  be  increased  in  the  same  propor- 
tion as  the  increase  in  absolute  air  pressure, 
or  the  volume  of  air  supplied,  measured  at  the 
pressure  he  is  under  must  never  be  less  than 
the  volume  he  requires  at  the  surface. 

By  regulating  the  air  supply  in  this  way  two 
experienced  divers  were  as  free  from  respira- 
tory distress  at  210  ft.,  the  greatest  depth 
hitherto  recorded,  as  when  they  were  just 
below  the  surface.  They  could  also  reach  this 
depth  easily  within  two  minutes,  which  showed 
the  fallacy  in  the  time-worn  tradition  that  a 
diver  should  always  descend  slowly. 

Not  only  is  a  diver's  efficiency  and  corn- 
pressure  he  is  under,  must  never  be  less  than 
fort  promoted  by  the  preventing  of  excessive 
carbon  dioxide  pressure,  but  a  serious  danger 
is  obviated.  It  not  infrequently  happens  that  a 
diver  becomes  stupefied  or  unconscious  from 
the  effects  of  carbon  dioxide,  and  the  con- 
sequences may  easily  be  fatal,  as  it  is  very 
dangerous  to  draw  a  man  up  rapidly  from  a 
great  depth,  and  also  dangerous  to  leave  an 
unconscious  man  at  the  bottom. 


COMPRESSED  AIR.  MAGAZINE. 


5io7 


In  caisson  and  tunnels,  as  with  individual 
divers,  it  also  is  necessary  to  insure  sufficient 
ventilation  or  constant  replacement  of  air  to 
guard  against  ill  effects  from  C  02.  To  make 
these  effects  practically  inappreciable  it  would 
be  necessary  to  keep  the  pressure  of  C  O^ 
from  ever  rising  above  1  per  cent,  of  an 
atmosphere.  When  there  is  no  other  source 
of  C  0-,  besides  the  persons  present,  a  mini- 
mum ventilation  of  300  cu.  ft.  per  man  per 
hour,  the  volume  measured  at  the  working 
pressure,  would  suffice  if  the  air  were  properly 
distributed.  If  this  pressure  were  30  pounds, 
gage,  this  would  correspond  to  900  cu.  ft.  of 
free  air. 

The  possibility  has  to  be  borne  in  mind, 
however,  of  other  sources  of  C  0;,  besides 
other  air  impurities.  If  candles  are  used,  or 
if  there  is  blasting,  or  if  decomposition  pro- 
cesses are  occurring  in  the  mud,  there  may 
be  present  not  only  more  C  02,  but  also  carbon 
monoxide,  sulphureted  hydrogen  or  other 
poisonous  gases.  Compressed  air  costs  money, 
and  it  is  therefore  important  to  avoid  all  un- 
necessary sources  of  air  impurity,  so  as  to 
render  excessive  ventilation  unnecessary.  For 
obvious  reasons  the  air  ought  also  to  be  prop- 
erly cooled  before  it  is  delivered. 

CAISSON  DISEASE. 

Deep  water  divers  are  liable  to  sudden  at- 
tacks of  illness  after  reaching  the  surface. 
Sometimes  death  occurs,  but  paralysis,  par- 
ticularly of  the  legs  or  bladder,  is  more  com- 
mon. This  paralysis  often  passes  off  after  a 
time,  more  or  less  completely,  but  it  may  be 
permanent  or  ma}'  lead  to  a  lingering  fatal 
illness. 

Among  workers  in  caissons  and  subaqueous 
tunnels  at  high  pressures  similar  cases  of 
death  or  paralysis,  or  attacks  of  syncope,  some- 
times occur.  Shortly  after  coming  out  of  the 
air-lock.  The  most  common  symptom  is,  how- 
ever, an  attack  of  pain  in  a  limb  or  sometimes 
elsewhere  in  the  body,  these  pains  being  known 
among  the  men  as  "bends"  or  "scrims."  They 
fortunately  pass  off  soon  and  usually  occur 
within  an  hour  of  leaving  the  air  lock.  The 
following  is  now  accepted  as  an  explanation : 

When  a  gas  is  brought  into  contact  with  a 
liquid  the  latter  takes  up  the  gas  in  simple 
solution  apart  from  any  chemical  combina- 
tion, until  a  state  of  saturation  is  reached. 
The  amount  thus  taken  up  depends  upon  the 


"coefficient  of  solubility"  of  the  gas  in  the 
liquid  and  the  temperature  of  the  liquid,  and 
varies  directly  with  the  pressure  of  the  gas, 
in  accordance  with  wbat  is  known  as  Dalton's 
Law.  The  blood  passing  through  the  lungs 
is  practically  in  contact  with  the  air  breathed, 
and  therefore  takes  up,  when  a  man  or  animal 
is  in  compressed  air,  an  increased  proportion 
of  nitrogen  and  oxygen  in  simple  solution. 

The  increased  proportion  of  oxygen  so 
taken  up  only  adds  slightly  to  the  total  oxy- 
gen in  arterial  blood,  since  far  more  is  nor- 
mally taken  up  in  loose  chemical  combination 
with  the  haemoglobin ;  and  in  any  case  nearly 
all  the  free  (i.  e.,  uncombined)  oxygen  of  the 
blood  disappears  when  the  latter  reaches  the 
tissues.  Carbonic  acid  is  of  course  also 
present  in  the  lung  air  to  the  extent  of  about 
5.6  per  cent,  at  ordinary  pressure;  but  the 
compressed  air  makes  no  difference  as  regards 
the  solution  of  C  02  in  the  blood,  since,  un- 
less the  air  breathed  is  very  foul,  the  pressure 
of  the  C  02  in  the  lung  air  is  kept  constant 
by  the  breathing,  whatever  the  total  atmos- 
pheric pressure  may  be. 

The  increased  proportion  of  nitrogen  taken 
up  by  the  blood  in  compressed  air  passes  to  the 
various  semi-liquid  tissues,  which  gradually 
also  become  saturated,  since  nitrogen,  unlike 
oxygen,  does  not  disappear  by  entering  into 
chemical  combination.  The  whole  body  thus 
gradually  becomes  saturated  with  nitrogen  at 
the  pressure  (79  per  cent,  of  the  total  atmos- 
pheric pressure)  which  this  gas  exerts  in  the 
compressed  air. 

If  the  excess  of  air-pressure  is  now  rapidly 
removed,  as  occurs  when  a  worker  in  a  cais- 
son passes  rapidly  through  the  air-lock,  it  is 
clear  that  the  blood  and  tissues  will  for  a  time 
be  in  a  condition  of  super-saturation  for  the 
diminished  pressure.  In  consequence  of  this 
the  nitrogen  will  tend  to  liberate  itself  within 
the  body  in  the  form  of  bubbles,  Just  as  C  0-, 
is  liberated  in  bubbles  when  the  cork  of  a 
bottle  of  soda  water  is  removed.  When  a 
liquid  is  saturated  by  the  contact  with  a  gas 
the  pressure  exerted  by  the  gas  in  solution  is 
the  same  as  that  of  the  gas  in  contact  with  it. 
The  gas  in  solution  will  tend  to  liberate  itself 
in  the  form  of  bubbles  if  its  pressure  in  the 
liquid  exceeds  the  total  external  pressure. 
Thus,  if  the  blood  and  tissues  be  saturated 
with  air  at  4  atmospheres  pressure  the  nitro- 
gen in   solution  will  tend  to  liberate  itself  in 
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bubbles  as  soon  as  the  external  pressure  falls 
below  79  per  cent,  of  4  atmospheres,  i.  e.,  be- 
low 3.16  atmospheres.  It  does  not  follow, 
however,  that  any  actual,  or,  at  any  rate,  any 
rapid  formation  of  bubbles  will  occur,  par- 
ticularly in  the  case  of  an  albuminous  liquid 
like  blood;  and  the  lowest  pressure  by  rapid 
decompression  from  which  a  fatal  accident 
has  occurred  in  a  caisson  worker  is,  so  far  as 
Dr.  Haldane  has  been  able  to  ascertain,  23  lb., 
gage,  or  2.6  atmospheres  of  absolute  pressure, 
corresponding  to  53  ft.  of  sea-water.  The 
occurrence  of  symptoms  of  any  kind  is  very 
seldom  observed  with  pressures  of  less  than 
2.3  atmospheres,  or   19  lb.  gage. 

Paul  Bert  proved  by  numerous  experiments 
on  animals  that  sudden  decompression  from 
considerable  pressures  commonly  causes  death 
with  symptoms  of  asphyxia,  or  else  paralysis. 
The  higher  the  pressure,  and  the  longer,  with- 
in certain  limits,  the  exposure  to  it,  the  more 
absolute  the  certainty  of  death  becomes.  On 
post-mortem  examination  of  the  bodies  of  the 
animals  he  found  the  veins  in  various  parts  of 
the  body  full  of  bubbles  consisting  almost  en- 
tirely of  nitrogen ;  and  in  the  cases  with 
symptoms  of  asphyxia  the  right  side  of  the 
heart  was  full  of  froth,  which  had  completely 
blocked  the  circulation. 

The  symptoms  of  paralysis  were  evidently 
due  to  partial  or  complete  blocking  of  vessels 
supplying  the  spinal  cord  or  brain  ;  and  in  ani- 
mals which  had  survived  the  paralytic  attack 
for  a  few  days,  softening  and  the  usual  de- 
generative changes  were  found  in  the  spinal 
cord  at  the  places  where  the  block  had  oc- 
curred. 

Paul  Bert  pointed  out,  and  partly  proved 
by  experiments  on  animals,  that  in  order  to 
avoid  compressed-air  illness,  slow  decompres- 
sion is  necessary.  He  did  not,  however,  show 
how  slow  the  decompression  required  to  be  in 
order  to  secure  safety,  nor  has  human  experi- 
ence solved  this  problem.  When  the  excess 
of  pressure  has  exceeded  about  V/2  atmos- 
pheres, or  22  lb.,  the  rates  of  decompression 
hitherto  employed  have  proved  more  or  less 
unsafe  if  the  exposure  has  been  long  con- 
tinued, and  the  higher  the  pressure  the  greater 
the  danger  with  a  given  period  of  exposure. 
Heller,  Mager  and  von  Schrotter  have  laid 
down  a  rule  that  for  each  atmosphere  of  ex- 
cess pressure  an  allowance  should  be  made  of 


20  minutes  for  each  atmosphere  of  decom- 
pression, and  that  the  decompression  should 
be  at  a  uniform  rate.  The  rule  is  doubtless 
a  great  advance  in  some  respects  on  what  has 
been  the  practice  hitherto,  but  the  calculation 
on  which  it  is  based  is  unsound.  There  is  no 
real  evidence  that  it  would  afford  safety  for 
pressure  of  even  30  lb.,  while  for  pressures 
below  20  lb.  a  much  faster  rate  of  decompres-' 
sion  is  well  known  to  be  practically  safe. 

From  the  existing  evidence  as  to  the  mode 
of  action  of  the  lungs  it  seems  certain  that, 
whatever  the  pressure  of  nitrogen  in  the  air 
breathed  may  be.  the  arterialized  blood  leav- 
ing the  lungs  will  be  practically  saturated  to 
the  same  pressure.  On  exposure  to  com- 
pressed  air  the  unsaturated  venous  blood  will 
become  saturated  in  passing  through  the 
lungs,  and  on  return  to  a  lower  air  pressure 
the  supersaturated  venous  blood  will  become 
de-saturated.  On  exposure  to  a  high  air 
pic- -nre  saturated  arterial  blood  will  be  flow- 
ing from  the  lungs  toward  all  parts  of  the 
body.  But  these  parts  are  just  as  capable  of 
taking  up  an  excess  of  dissolved  nitrogen  as 
the  blood  is.  Hence  during  its  passage  through 
the  body-tissues  the  blood  will  lose  most  of  its 
nitrogen  to  the  tissues,  and  the  venous  blood 
returning  to  the  lungs  will  contain  very  little 
of  the  excess  of  nitrogen  with  which  it  start- 
ed. In  the  lungs,  however,  it  will  be  charged 
up  again,  though  the  amount  which  it  gains 
there  will,  of  course,  not  be  quite  so  great  as 
at  the  previous  round  of  the  circulation.  At 
the  next  round  the  amount  carried  away  will 
be  still  less,  and  so  on.  The  process  of  de- 
saturation  on  return  to  a  lower  pressure  must 
take  place  in  a  similar  way,  provided  there  has 
been  no  formation  of  bubbles,  or  anything  else 
to  complicate   the   conditions. 

The  time  actually  required  to  produce  any 
given  degree  of  saturation  or  de-saturation  in 
any  part  of  the  body  remains,  however,  quite 
uncertain  so  far.  Some  parts  of  the  body  have 
a  very  rapid  circulation,  and  will  therefore 
saturate  and  de-saturate  quickly.  Other  parts, 
however,  have  a  small  circulation  of  blood  in 
proportion  to  their  mass,  and  must  therefore 
saturate  and  de-saturate  slowly.  We  at  first 
over-estimated  the  rate  at  which  saturation 
and  de-saturation  occur,  partly  due  to  ignor- 
ance of  the  fact  that  fat  dissolves  about  six 
times  as  much  nitrogen  as  blood.  The  fat 
scattered  throughout  the  body  thus  acts  as  a 
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reservoir  for  nitrogen ;  and  this  probably 
about  doubles  the  time  needed  for  saturation 
to  occur. 

In  goats  some  parts  of  the  body  giving  rise 
to  symptoms  on  decompression  are  not  more 
than  half-saturated  in  45  minutes,  and  will  de- 
saturate  with  corresponding  slowness.  The 
rate  of  circulation  in  man  is  only  about  two- 
thirds  as  fast  as  in  goats.  Hence,  in  man, 
there  will  be  some  parts  of  the  body  which 
only  half  saturate  in  \%  hours.  Previous  in- 
vestigators have  inferred  that  saturation  and 
de-saturation  occur  far  more  rapidly  than 
this ;  but  the  above  conclusions  are  in  accord 
with  practical  experience  in  caisson  work.  Mr. 
E.  W.  Moir,  M.  Inst.  C.  E.  (of  Messrs.  J. 
Pearson  &  Son,  Ltd.),  who  has  given  great  at- 
tention to  the  whole  subject  and  introduced 
important  measures  for  the  safety  of  workers 
in  compressed  air,  states  that  even  after  three 
hours'  exposure  to  compressed  air  the  cases 
of  illness  are  less  frequent  than  with  longer 
exposure ;  and  similar  evidence  has  been 
brought  forward  by  Mr.  G.  W.  M.  Boycott. 
This  can  be  well  understood  if  the  rate  of 
saturation  is  so  slow. 

(Continued   on   Page   5123.) 


TANDEM  COMPRESSED  AIR 
LOCOMOTIVES 

The  Baldwin  Locomotive  Works  have  re- 
cently built  eight  compressed  air  locomotives 
for  the  H.  C.  Frick  Coke  Company,  a  pair 
of  them  being  shown  in  the  half  tone.  These 
engines  are  alike  except  that  six  of  them 
have  a  track  gage  of  3  ft  6  inches  and  the 
other  pair  3  feet  4  inches.  They  are  for 
a  gaseous  mine  where  the  employment  of 
electricity  would  be  dangerous,  the  operating 
conditions  requiring  the  hauling  of  heavy 
loads  up  grades  as  steep  of  5  per  cent,  and 
around  curves  of  180  feet  radius.  The  re- 
stricted clearance  limits  made  it  practically 
impossible  to  design  a  single  locomotive  meet- 
ing the  conditions,  so  they  were  arranged  to 
be  operated  in  tandem  as  here  shown. 

The  locomotives  are  coupled  back  to  back, 
one  operator  controlling  the  two  units  by 
a  single  throttle  lever,  reverse  lever,  brake 
valve,  etc.,  the  locomotives  also  being 
charged  simultamously  by  means  of  a  flevible 
connection  between  the  air  tanks.  This  flex- 
ible connection  is  closed  when  the  locomo- 
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tives  are  in  operation,  but  the  auxiliary, 
working  pressure  tanks  are  then  in  commun- 
ication through  a  rubber  hose,  so  that  the 
cylinder  pressures  on  the  two  units  are  equal- 
ized. This  pressure  is  maintained  by  the 
reducing  valves  at  150  lbs.,  the  initial  pressure 
in  the  storage  tanks  being  800  lbs. 

Each  locomotive  is  provided  with  two  air 
tanks,  one  of  which  is  about  30  inches  shorter 
than  the  other  to  allow  room  for  the  oper- 
ator. They  are  built  of  steel  plates  %  inch 
thick,  being  31  ^4  inches  in  diameter,  and 
the  longest  14  feet  9%  inches  long.  The 
circumferential  seams  are  triple  riveted  and 
welded,  and  are  further  reenforced  by  an 
inside  liner  secured  to  the  shell  by  eight 
rows   of   rivets. 

The  details  of  construction,  as  far  as 
frames,  running  gear  and  valve  gear  are 
concerned,  present  many  features  similar  to 
those  of  the  steam  locomotive  practice.  The 
frames  are  of  cast  steel,  of  the  usual  bar  form 
in  the  middle  and  narrowed  down  to  a 
slab  section  at  each  end.  The  air  tanks  are 
supported  on  cast  steel  saddles,  one  of  which 
is  bolted  between  the  slab  frames  at  each 
end  of  the  locomotive.  The  cylinders,  8  by 
12  inch,  are  cast  separately  and  are  placed 
outside  the  frames.  The  driving  wheels  are 
4  feet  6  inches  diameter,  the  combined  weight 
of  the  two  locomotives  is  46,400  pounds, 
and  as  the  normal  traction  force  is  8,160  pounds, 
a  liberal  factor  of  adhesion  is  assured.  The 
equipment  throughout  is  most  complete  for 
a  locomotive  of  this  type,  and  special  at- 
tention has  been  given  to  making  the  coup- 
ling devices  simple  and  positive  in  action 
so  that  the  locomotives  can  be  readily  oper- 
ated in  tandem. 


SCIENCE  AND  SUGAR 
Gallileo  discovered  the  hydrostatic  balance  in 
1586,  but  apparently  did  not  utilize  the  idea,  al- 
though he  invented  the  thermometer.  It  re- 
mained for  the  pupil,  Torricelli,  to  invent  the 
barometer  which  measures  the  vertical  weight 
of  the  atmospheric  air  surrounding  the  earth  and 
as  this  could  be  done  with  the  heaviest  liquid 
we  know  of,  mercury,  or  with  water,  the  tubes, 
now  known  as  barometrical,  were  then  known 
as  Torricellian  tubes.  When  Howard  invented 
the  vacuum  pan  in  1819  he  utilized  the  17th 
century  idea  as  to  a  vacuum  that  with  the 
removal  from  the  surface  of  a  liquid  mass  of 


the  weight  of  the  atmosphere  in  whole  or  in 
part,  the  boiling  point  of  the  liquid  became  re- 
duced. To  operate  the  vacuum  pan  the  air 
pump  was  utilized  for  the  double  purpose  of  re- 
moving the  air  pressure  and  also  for  condens- 
ing the  vapor  of  evaporation.  This  method  of 
condensation  was  successfully  used  by  Howard 
and  his  successors,  until  about  1850,  when  the 
so-called  dry  vacuum,  in  contradistinction  to 
the  older  method,  then  called  wet  vacuum, 
came  into  use.  The  dry  vacuum  method  neces- 
sitated a  condenser  sufficiently  high  to  balance 
the  atmosphere,  utilizing  Gallileo's  hydrostatic 
balance  and  an  outlet  sufficiently  large  to  dis- 
charge the  water  of  condensation  into  a  foot 
tub,  thus  utilizing  Torricelli's  barometrical  tube 
in  which  the  height  of  the  water  counterbal- 
anced the  degree  of  vacuum  obtained  in  the 
boiling  pans.  In  1870  there  was  only  one 
vacuum  pan  in  Louisiana  that  had  an  elevated 
condenser  and  Torricellian  or  barometrical  tub- 
ing outlet,  or  that  was  built,  as  is  commonly 
said,  on  the  dry  vacuum  plan.  That  pan  was 
in  the  sugar  refinery  of  Paul  Cook,  one  of  our 
early  sugar  rehners,  whose  descendants  are 
among  our  prominent  sugar  people  of  the  pres- 
ent day.  The  next  dry  vacuum  apparatus  was 
erected  at  that  time  on  Belair  plantation,  below 
the  city  of  New  Orleans,  by  Mr.  John  Dymond. 
Gradually  the  dry  vacuum  method  of  boiling 
came  into  general  use  and  of  course  such  use 
was  improved  with  the  development  of  sugar 
refining  and  with  the  more  advanced  methods 
of  susrar  manufacture. — Louisiana  Planter. 


AN  OLD  SPANISH  AIR  COMPRESSOR 
OR  BLOWER 

By  C.  F.   Spalding. 

I  stumbled  onto  the  remains  of  an  old  smel- 
ter a  few  miles  from  the  trail  leading  into 
Tegucigalpa  and  about  four  to  five  days'  ride 
from  San  Pedro  Sula.  The  place  was  over- 
grown with  jungle  and  the  natives  themselves 
knew  nothing  about  the  plant  or  when  it  was 
abandoned.  I  found  it  by  following  an  old 
ditch  line  about  three-quarters  of  a  mile  long, 
while  looking  for  placer  workings. 

The  dump  showed  about  100  tons  of  slag 
(copper)  and  some  raw  copper  ore  around  the 
foundation  of  the  stack;  but  what  interested 
me  most  was  the  means  they  evidently  used  to 
make  the  air  blast.  Back  of  the  stack  a  hun- 
dred odd   feet  was  a   small  tunnel  just  large 


COMPRESSED  AIR  MAGAZINE. 


5111 


enough  to  crawl  into  comfortably.  I  went  into 
it  expecting  to  see  the  place  from  which  they 
obtained  their  ore,  and  instead  found  the  com- 
pressor  plant. 

The  tunnel  was  driven  into  the  side  hill 
about  120  to  130  ft.  At  the  inner  end  it  was 
enlarged  to  a  room  about  10  to  15  ft.  high 
15  ft.  long  and  6  to  8  ft.  wide.  The  room  floor 
was  several  feet  below  the  level  of  the  tunnel 
floor,  approximately  6  to  7  ft.,  but  being  par- 


is   practically   indestructible. 

This  flume  was  about  12  to  18  ins.  inside 
dimensions  and  extended  through  the  bulk- 
head, making  a  turn  to  the  bottom  of  the 
room.  Evidently  this  apparatus  was  used 
somewhat  as  follows;  the  water  rushing  down 
the  tubes  from  the  pen-stock  would  suck  in 
air;  this  would  be  liberated  in  the  inner  room 
and  taken  out  for  blast  purposes  through  the 
upper   bamboo   pipe   in   the   tunnel,   the  water 
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tially  filled  with  debris,  sticks,  leaves,  etc. 
(packed  in  by  tigers  for  their  lair),  it  was  hard 
to  find  the  real  bottom. 

At  the  inner  end  of  the  room  was  a  verti- 
cal upraise  about  3ft.  in  diameter  through  to 
the  surface.  This  hole  was  filled  with  bam- 
boo pipes  6  to  10  ins.  in  diameter  (14  pipes 
in  all)  set  in  clay,  filling  the  upraise  solid. 
This  got  me  interested  and  I  started  to  in- 
vestigate. At  the  top  of  the  upraise  and  end 
of  the  ditch  was  a  crude  penstock  built  with 
brick,  showing  where  the  water  was  dis- 
charged from  the  ditch  onto  the  top  of  the 
bamboo  pipes  and  flowed  down  the  pipes. 
Leading  into  the  tunnel,  along  the  roof,  was 
a  bamboo  pipe  4  to  5  ins.  in  diameter.  This 
was  badly  rotted  and   fell  apart  on  touching. 

The  pipes  in  the  upraise  were  in  a  fair  state 
of  preservation.  The  inner  end  of  the  tun- 
nel showed  traces  of  being  at  one  time  bulk- 
headed.  Running  through  the  bulkhead  was 
a  wooden  flume  made  from  a  native  wood  that 


being  discharged  through  the  wooden  flume  at 
the  bottom  of  the  bulkhead. 

The  bottom  of  the  flume  being  5  to  6  ft.  be- 
low the  outlet  would  give  an  air  pressure  of 
2V2  to  3  lbs.  I  could  not  figure  out  any  other 
use  for  the  layout  than  that  of  compressing 
air,  and  must  say  that  it  was  sometime  be- 
fore it  dawned  on  me  what  I  was  seeing.  I 
could  hardly  believe  that  those  old  fellows 
knew  enough  to  figure  out  a  scheme  like  that. 

The  place  had  been  abandoned  150  years  or 
more,  as  there  were  trees  of  that  age  grow- 
ing on  the  dump  ditch  line. — Mining  World. 


The  atmospheric  pressure  for  altitudes  not 
excessive  may  be  approximated  by  subtracting 
1  inch  from  the  barometer  reading  at  sea  level 
for  each  thousand  feet  of  elevation.  Thus  at 
6,000  feet  this  rule  gives  24  inches,  which  is 
only  between  0.1  and  0.2  inch  too  high,  or 
much  closer  than  any  engineer  reads  his  gage 
in  practice. 


112 


COMPRESSED  AIR  MAGAZINE. 


KILLING  WEEDS  BY  SPRAYING 
CHEMICALS 

A  company  has  been  formed  and  has 
commenced  operations  whose  purpose  is  the 
destroying  of  weeds  along  railroad  tracks  and 
elsewhere.  The  apparatus  employed  sprays 
the  weeds  with  a  chemical  preparation,  the 
theory  being  that  the  solution  is  breathed  in 
by  the  plants,  becomes  mixed  with  the  sap, 
and  in  this  way  kills  the  roots.  The  vegeta- 
tion above  ground  is  killed  in  12  or  14 
hours  and  it  is  said  the  roots  will  not  sprout 
again.  The  attitude  of  the  company  seems  to 


point,  which  when  convenient  may  be  done 
by  taking  steam  from  the  locomotive.  The 
car  is  equipped  with  air  compressors  for 
applying  pressure  to  the  solution  tanks  so 
that  the  spraying  apparatus  will  operate  at 
constant  pressure,  regardless  of  the  head  of 
the  water  in  the  tank.  The  spraying  ap- 
paratus consists  of  six  nozzles  arranged  in 
a  line  crosswise  under  the  car  and  near  one 
end,  with  pipe  connections  to  both  tanks. 
The  flow  is  automatically  regulated  ac- 
cording to  the  speed  of  the  car,  delivering 
about  500  gals,  per  mile,  and  effective  work 
is  done  up  to  a  speed  of  10  miles  per  hour. 


FIG!   I  — HAMMING    DRAG   WHEN  MATCH    BOARD   OR  SAND   MATCH   IS  USED. 


indicate  confidence.  It  does  not  sell  the  ap- 
paratus nor  the  chemical  solution,  but  is  pre- 
pared to  make  contracts  with  railroads  to 
sprinkle  the  roadbed  for  so  much  a  mile 
under  guarantee  that  if  the  weeds  are  not 
killed  no  charge  will  be  made. 

For  steam  roads  the  outfit  consists  of  a 
40  ft.  flat  car  of  100,000  lbs.  capacity  with 
a  4,000  gallon  tank  on  each  end,  and  in  the 
middle  of  the  car  there  is  a  cab  for  the  stor- 
age of  the  necessary  chemicals  and  to  cover 
steam  heating  and  other  apparatus.  To 
effect  a  chemical  mixture  of  the  ingredients 
the    water    must    be    heated    to    the    boiling 


"THE  TWENTIETH  CENTURY" 
MOLDING  MACHINE 

The  half-tones  show  a  portable  pneumatic 
molding  machine  built  by  the  J.  F.  Webb 
Manufacturing  Company,  Davenport,  Iowa. 
The  machine  is  specially  adopted  for  general 
jobbing  and  for  railroad  repair  work,  using 
ordinary  patterns  without  special  preparation. 
It  is  a  positive  pressure  machine,  using  air  of 
the  ordinary  shop  pressure.  There  is  a  light, 
stiff  cast  iron  frame  with  legs  of  suitable 
height  which  have  bosses  for  wheels  which 
may  be  used  or  not  as  desired.  From  the 
frame  or  bed  rise  four  rods  which  carry  the 
air  cylinder  and   pressure  mechanism.     Air  is 
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admitted  to  the  cylinder  by  a  special  valve 
which  gradually  applies  the  pressure  to  the 
mold,  the  travel  being  adjustable  to  secure  ab- 
solutely uniform  ramming.  As  was  said,  or- 
dinary patterns,  such  as  are  used  in  hand 
molding,  can  be  employed  on  this  machine.  A 
stripping  plate  can  also  be  used  to  advantage. 
The  air  cylinder  is  13  inches  diameter,  giving, 
with  100  pounds  air,  a  total  pressure  of  nearly 
7  tons. 

Fig.  1  shows  the  ramming  of  the  drag  when 
a  sand  match  is  used.  There  is  a  small  trav- 
eler which  is  a  part  of  the  machine  and  is 
moved  easily  in  or  out  on  roller  bearings.  The 


sand   can   be   regulated  by   raising  or   lowering 
the  air  cylinder  by  the  nuts  on  the  side  rods. 

Fig.  2  shows  the  machine  ramming  both 
cope  and  drag  at  one  operation.  This  can  be 
done  when  the  patterns  are  mounted  on  a 
plate  or  board.  The  machine  is  made  in  two 
sizes,  30  and  36  inch. 


WHY  A  COMPRESSOR  CYLINDER 
MUST  BE  WATER  JACKETED 

By  Lucius  I.  Wightman. 

When  a  volume  of  air  or  gas  is  compressed 

from  a  lower  to  a  higher  pressure,  all  the  work 

done  upon  that  volume  is  converted  into  heat. 

This  is  the  result  of  an  increased  activity  im- 


FIG.   II— RAMMING   BOTH  COPE  AND    DRAG   IN  ONE    OPERATIOV,   THE 
PATTERNS   BEING   MOUNTED  ON   A   PLATE. 


drag  part  of  the  flask  is  put  on  and  a  sand 
frame  1  inch  deep  is  placed  on  the  drag  to  hold 
the  extra  sand  required  to  till  the  mold.  The 
flask  is  filled  with  sand,  the  pressure  head  is 
placed  on  top  and  the  traveler  with  the  mold 
is  pushed  under  the  pressure  cylinder,  the 
air  is  turned  on  and  the  mold  is  rammed  by 
the  descent  of  the  piston.  The  mold  is  then 
run  out  from  under  the  cylinder,  the  pressure 
head  is  removed  and  the  extra  sand  struck  off; 
the  bottom  board  is  then  put  on  and  the  flask 
rolled  over,  when  the  cope  is  rammed  in  the 
same  way  as  the  drag.     The  hardness  of  the 


parted  by  the  compression  to  the  molecules 
composing  the  air  or  gas,  but  the  process  by 
which  this  activity,  appearing  as  sensible  heat, 
is  produced  need  not  enter  into  this  discussion. 
In  the  modern  compressor,  water  jackets  are 
provided  surrounding  the  compressor  cylinder 
for  the  purpose  of  carrying  away,  so  far  as 
may  be.  this  heat  of  compression.  In  other 
words,  power  is  expended  in  producing  heat, 
which  is  then  carried  away  by  the  cooling 
water  without  any  useful  effect.  The  com- 
pression process  produces  heat  and  pressure; 
the  jackets  carry   away  the  heat,  leaving  only 
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the  pressure  to  show  for  the  energy  expended. 
Why  not  retain  both  the  heat  and  the  pressure, 
thus  securing  more  nearly  the  full  equivalent 
of  the  power  used?  The  object  of  this  paper  is 
to  explain  this  apparent  anomaly. 

The  compression  of  air  or  gas  must  raise  its 
temperature,  whether  the  process  be  slow  or 
fast.  But  raising  the  temperature  of  air  pro- 
duces one  of  two  results.  If  the  air  volume  is 
confined  in  a  limited  space,  an  increased  tem- 
perature results  in  an  increased  pressure,  due 
to  the  expansion  of  the  air.  If  the  volume  is 
not  confined,  the  increased  temperature  pro- 
duces an  increased  volume,  again  due  to  ex- 
pansion. 

Assume  that  we  have  a  compressing  cylinder 
with  a  cross-section  of  I  square  foot  and  a  pis- 
ton travel  of  6  feet,  thus  giving  a  cylinder 
volume  of  6  cubic  feet.  Let  this  cylinder  be 
filled  with  air  at  sea-level,  atmospheric  pres- 
sure 14.7  pounds  and  at  60  degrees 
Fahrenheit.  If  the  piston  is  now  ad- 
vanced for  one-half  its  stroke,  or  3  feet,  this 
volume,  will  be  compressed  to  one-half  its 
former  volume,  or  we  will  have  two  volumes 
in  the  space  of  one,  giving,  at  first  glance,  a 
pressure  twice  as  great,  or  29.4  pounds.  If 
we  continue  to  advance  the  piston  until  it  has 
traveled  5  feet,  we  will  have  crowded  our 
original  volume  of  6  cubic  feet  into  a  space  of 
I  cubic  foot,  and  we  should  have  a  pressure  of 
six  atmospheres,  or  73.5  pounds,  gage. 

As  a  matter  of  fact,  in  the  latter  case  we  will 
have  a  higher  pressure  than  73.5  pounds,  the 
excess  being  due  to  the  heat  produced  in  the 
air  in  compressing  it  from  one  atmosphere  to 
six.  Just  what  this  final  pressure  would  be 
cannot  be  stated  exactly.  If  our  cylinder  and 
piston  were  so  made  that  not  a  particle  of  the 
heat  could  escape  from  the  air  volume,  its 
temperature  at  a  pressure  of  six  atmospheres 
would  be  a  little  over  419  degrees  Fahrenheit. 
But  as  some  of  the  heat  is  bound  to  escape, 
this  temperature  is  never  fully  attained.  How- 
ever, enough  heat  remains  to  increase  the  pres- 
sure, at  the  end  of  six  compressions,  to  more 
than  six  atmospheres. 

It  would  thus  seem  that  we  had  expended 
more  power  than  necessary,  if  six  atmospheres 
was  the  pressure  we  set  out  to  attain.  The 
combined  effect  of  the  heating  and  compression 
produced  a  pressure  of  six  atmospheres  before 
the  piston  had  traveled  five-sixths  of  its  stroke, 
and  if  the  discharge  valves  were  arranged  to 


open  at  just  that  point,  we  could  have  saved 
the  power  required  to  produce  this  excess  pres- 
sure. 

The  difficulty  is  that  the  pressure,  which  is 
the  combined  result  of  compression  and  heat- 
ing, is  not  a  stable  pressure.  The  heated  air, 
discharged  at  six  atmospheres,  rapidly  cools  or 
loses  its  heat  by  conduction  and  radiation. 
Now,  the  cooling  of  a  volume  of  air  in  a  lim- 
ited space  reduces  its  pressure,  just  as  heating 
it  increases  its  pressure.  The  heated  air  at 
six  atmospheres  rapidly  cools  and  its  pressure 
drops,  so  that  while  we  have  compressed  to  six 
atmospheres  in  the  cylinder,  we  actually  have  a 
pressure  less  than  this  in  the  pipe  line  availa- 
ble for  work. 

To  produce  a  stable  effective  pressure  of  six 
atmospheres  in  the  pipe  lines,  we  must  carry 
the  cylinder  pressure  higher  than  six  atmo- 
spheres, so  that  after  the  compressed  air  has 
cooled  to  the  temperature  of  its  surroundings, 
it  will  have  the  final  pressure  we  set  out  to  at- 
tain at  our  working  tool.  The  difference  be- 
tween the  six  atmospheres  on  the  line  and  the 
higher  pressure  in  the  cylinder  represents  an 
expenditure  of  power  without  useful  effect,  due 
to  the  heat  of  compression  which  was  allowed 
to  remain  in  the  air  during  compression. 

RESULT   WHEN   AIR   IS   COOLED. 

Now  what  would  have  been  the  result  if  we 
had  arranged  to  cool  the  air  during  compres- 
sion? Suppose  we  had  made  the  walls  and 
heads  of  the  cylinder  double,  circulating  cold 
water  in  this  space,  moving  the  piston  forward 
very  slowly  and  giving  the  water  time  to  ab- 
sorb and  carry  away  all  the  heat  of  compres- 
sion as  fast  as  it  is  produced.  There  would 
be  no  excess  pressure  due  to  heating;  the  re- 
duction of  the  volume  from  6  cubic  feet  to  1 
would  produce  exactly  six  atmospheres  of  pres- 
sure, and  the  air  at  this  pressure  would  be  in 
a  stable  condition.  Thus  the  use  of  the  water 
in  this  case  would  actually  have  saved  us  the 
power  otherwise  required  to  produce  the 
higher  ineffective  and  useless  pressure. 

But,  as  a  matter  of  fact,  the  condition  just 
outlined  is  impossible  of  attainment  in  actual 
practice.  Every-day  results  are  a  compromise 
between  the  two  systems  of  compression  which 
have  been  discussed. 

A  compressor  cannot,  in  practice,  be  run 
so  slowly  as  to  permit  all  the  heat  to  be  ab- 
sorbed and  carried  away  by  the  jacket  water. 
Temperature  increases  with  the  pressure,  while 
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the  advancing  piston  steadily  reduces  the  cool- 
ing surface  of  the  cylinder  walls  with  which 
the  air  is  in  contact.  Near  the  end  of  the 
stroke,  when  pressure  and  temperatures  are 
highest,  the  greater  part  of  the  cooling  surface 
exposed  is  the  cylinder-head,  thus  explaining 
the  importance  of  head  jacketing.  Heat  is 
conducted  from  one  particle  of  air  to  anoth- 
er very  slowly,  so  that  after  all,  the  interior  of 
the  air  volume  is  not  cooled  by  the  jacket,  but 
only  that  external  film  in  contact  with  the 
•cool   cylinder  walls. 

All  things  considered,  therefore,  water  jack- 
eting a  compressor  cylinder  results  in  only  a 
part  of  the  saving  of  power  which  in  theory  it 
promises.  Some  beneficial  effect  along  this 
line  it  certainly  has,  particularly  in  long  stroke, 
slow-speed  machines.  But  the  full  benefit  of 
cooling  during  the  compression  can  be  secured 
only  by  other  means — by  the  breaking  up  of 
the  compression  process  into  several  intervals, 
between  which  the  air  is  cooled  by  external 
means. 

Cylinder  jacketing  is  nevertheless  essential  in 
the  modern  air  or  gas  compressor.  Aside  from 
the  economical  consideration  just  explained,  it 
has  other  important  effects  on  the  proper  oper- 
ation, and  indeed  on  the  economy  of  the  com- 
pressor. 

THE    EFFECT    UPON    LUBRICATION 

Not  the  least  important  of  these  is  its  effect 
upon  the  lubrication.  The  compression  of  air 
from  sea-level  pressure  and  a  temperature  of 
€0  degrees  Fahrenheit  to  six  atmospheres,  or 
73.5  pounds,  produces,  unless  some  cooling  is 
provided,  a  temperature  of  about  419  degrees 
Fahrenheit,  as  already  stated.  Such  a  temper- 
ature as  this  is  destructive  of  all  ordinary  lubri- 
cants and  packings,  and  the  result  would  be  a 
rapid  wear  of  the  piston,  cylinder  and  valves, 
with  inevitable  leakage,  loss  of  capacity,  in- 
creased friction  and  excess  power  consumption. 
The  water  jacket  keeps  these  parts  reasonably 
cool,  resulting  in  free  lubrication,  little  wear, 
easy  running  and  sustained  efficiency. 

An  attempt  to  run  continuously  without 
jackets  would  heat  the  cylinder,  valves,  rods 
and  other  parts  to  such  a  degree  that  danger- 
ous expansion  stresses  might  be  produced,  re- 
sulting in  distortion,  added  friction  and  possi- 
ble breakage.  The  alternate  expansion  and 
contraction  between  the  extreme  temperatures 
of  operation  and  shut-down  would  make  it 
practically  impossible  to  keep  tight  joints. 


It  is  just  as  essential  that  air  should  be  ad- 
mitted cool  to  the  cylinder,  as  that  it  shall  be 
kept  cool  during  compression.  For  cool  air 
is  dense  air,  and  the  cooler  the  air  admitted, 
the  greater  in  proportion  the  volume  of  com- 
pressed air  delivered.  The  heating  of  cylinder 
walls,  piston,  rod,  valves  and  ports  means  that 
the  air  entering  the  cylinder  will  be  heated  by 
them — first,  while  entering  through  the  valves 
and  ports,  and  second,  by  contact  with  the  in- 
terior of  the  cylinder.  This  means  lowered 
efficiency  of  the  compressor  and  reduced  ca- 
pacity; and,  since  jacketing  at  best  is  only 
partially  successful,  this  fact  suggests  the  ad- 
vantage of  those  constructions  admitting  air 
in  a  large  body  through  one  or  a  few  large 
openings,  rather  than  through  a  large  number 
of  small  valves. — Power  and  the  Engineer. 


FOR  SYSTEMATIC  INSPECTION  OF 
THE  AIR  COMPRESSORS 

In  the  Report  of  the  Committee  on  Main- 
tenance and  Inspection  of  Electrical  Equip- 
ments, to  the  American  Street  &  Interurban 
Railway  Engineering  Association,  Atlantic 
City,  N.  J.,  Oct.  12-16,  1908,  the  following 
related  to  air  compressors: 

Your  committee  thought  that,  owing  to 
the  increased  use  of  compressed  air  on  city 
and  interurban  cars,  it  would  be  well  for  it 
to  consider  the  matter  of  maintenance  of  air 
compressors.  In  order  to  get  the  ideas  of 
the  different  members  of  the  association  on 
this  subject,  several  questions  were  asked. 
To  the  question,  '"How  often  do  you  over- 
haul air  compressors?"  the  answers  shown 
in  Table   I  were   received: 

TABLE  I.      OVERHAULING  OF  AIR  COMPRESSORS 

No.  Roads    Compressors    Overhauling  Period 
1  7  150,000  miles 

1  480  60,000 

1  18  25,000 

1  40  5-000 

1  600  18  months 

16  970  20 

11  398  6 

3  J45  3 

6  289  when   needed 

18  125  non-committal. 

The  duties  of  an  air  compressor  on  city 
and  interurban  cars  vary  greatly.  For 
instance,  a  car  may  be  equipped  with  air 
doors,  electro-pneumatic  control  and  air 
brakes.     The  average  distance  between  stops 
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for  a  car  of  this  character  in  city  service 
may  be  every  1,500  ft.  A  compressor  under 
these  conditions  would  necessarily  have  to  be 
overhauled  much  more  often  than  one  that 
made  stops  two  or  three  miles  apart,  had 
no  air  doors  or  electro-pneumatic  control. 
It  also  is  evident  that  the  first  class  of  ser- 
vice would  require  a  compressor  of  larger 
capacity  than  service  of  the  second  class.  As 
a  general  proposition  no  air  compressor 
should  be  required  to  operate  more  than 
33  I_3  Per  cent,   of  the  time. 

The  committee  believes  that  with  a  com- 
pressor designed  to  have  sufncent  capacity 
for  the  service  it  is  to  perform,  an  overhaul- 
ing for  service  of  the  first  class  should  be 
made  every  60.000  miles.  A  compressor  for 
the  second  class  should  be  overhauled  every 
120,000  miles.  The  overhauling  of  a  com- 
pressor should  be  thorough,  and  should  con- 
sist of  the  following: 

Compressor  should  be  taken  from  under 
the  car  and  placed  on  a  bench  where  arma- 
ture should  be  removed,  oil  drained  from 
crank  case  and  all  bearings  outside  of  crank 
case,  and  then  the  bearings  should  be  thor- 
oughly washed  with  gasoline. 

If  wear  is  excessive,  the  crank  shaft  and 
connecting  rods  should  have  the  slack  taken 
up  or  the  bearings  should  be  re-babbitted  or 
re-lined  with  bronz  bearings,  as  the  case 
may   be. 

The  head  should  be  taken  from  the  com- 
pressor, ports  scraped  out,  hair  removed 
from  hair  strainer  and  washed  in  gasoline; 
and  valve  and  valve  seats  should  be  re- 
ground. 

Armature  should  be  taken  to  the  armature 
room,  blown  out,  cleaned  and  break-down 
test  applied.  Also  the  commutator  should 
be  trued  up.  Mica  retaining  rings  should  be 
painted  with  insulating  paint.  Armature 
painted  with  a  coat  of  oil-proof  insulating- 
paint. 

Brushholders  should  be  cleaned  in  gaso- 
line and  overhauled,  replacing  worn  tips  and 
shunts  that  have   broken  strands. 

Field  coils  should  be  taken  out  and  insula- 
tion carefully  looked  over,  and  replaced  if 
necessary. 

The  inside  of  the  motor  shell  should  be 
carefully  cleaned  with  gasoline  to  get  oil 
and   dirt   out   of  shell. 

The  committee  recommends  the  impregna- 


tion of  pump  field  coils  as  tending  to  cut  out 
all  field  troubles  and  greatly  prolong  the  life 
of   the    fields. 

The  piston  should  be  removed  from  the 
pump,  and  the  rings  should  be  removed  from 
the  groove  and  carefully  cleaned;  also,  the 
groove  should  be  carefully  scraped  out. 

Springs  from  piston  rings  should  be 
tested  to  make  sure  that  they  have  not  lost 
their   tension. 

If,  when  the  pump  is  re-assembled  and 
started  to  work  under  pressure  for  five  min- 
utes it  be  then  disconnected  and  allowed  to 
run  free,  and  oil  is  discharged  from  the  out- 
let, it  is  an  indication  that  the  rings  are  not 
tight  enough  in  the  cylinder,  and  springs  of 
greater   tension    should   be   put   in   the   rings. 

The  insulators  placed  between  compressors 
and  air  piping  on  car  should  be  taken  from 
the  car  and  cleaned  and  given  a  break-down 
test  of   1, coo  volts. 

The  oil  which  was  removed  from  the  com- 
pressor when  it  came  in  should  be  run 
through  a  filter  and  returned  to  the  com- 
pressor, enough  oil  being  added  to  take  the 
place  of  dirt,  etc.,  which  it  contained  when 
removed.  In  this  connection  care  should  be 
taken  to  use  an  oil  which  does  not  contain 
asphalt  or  which  will  not  carbonize  when  the 
pump  is  given  hard  usage. 

INSPECTION     OP     AIR     COMPRESSORS. 

The  frequency  of  inspection  of  air  com- 
pressors should  be  determined  entirely  by  the 
serivce  to  which  they  are  subjected.  In 
answer  to  the  question,  "How  often  do  you 
inspect  air  compressors?"  the  following  re- 
plies were  received: 

13       per  cent,   inspect   daily. 
6     per  cent,  inspect  twice  a  week. 
47       per  cent,   inspect  weekly. 
i?4  per  cent,  inspect  every  two  weeks. 
l/2  per  cent,  inspect  monthly. 
25       per  cent,  inspect  from  400  to  600  miles. 
1       per  cent,  inspect  1,200  miles. 
SVa  per  cent,    inspect    when    cars    are    in- 
spected. 

Your  committee  recommends  that  air 
compressors  subjected  to  the  severe  service 
described  above  under  Air  Compressor  Main- 
tenance should  be  inspected  as  follows  (the 
inspection  period  to  be  based  on  600  miles) : 
Oil  plug  should  be  removed  and  oil  added 
each   inspection   day   to   replace   that   lost  in 
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service. 

Remove  carbon  brushes  and  inspect  each 
inspection    day. 

Inspect  brush-holder  tension  each  inspec- 
tion day. 

Wipe   off  brush-holder   each   inspection   day. 

End  of  commutator  should  be  wipedoff 
each    inspection    day. 

Hair  should  be  taken  out  of  hair  strainer, 
and  strainer  washed  in  gasoline  every  thir- 
tieth inspection  day. 

Valves  should  be  taken  out  and  cleaned 
in  gasoline  each  thirtieth  inspection  day. 

Exterior  of  pump  should  be  wiped  each 
inspection  day. 

Compressors  should  be  thoroughly  blown 
out  with  compressed  air  each  tenth  inspec- 
tion  day. 

Cars  of  the  second  class  of  service  should 
be  inspected  as  above,  only  the  period  of 
inspection  should  be  1,200  miles. 

The  committee  recommends  that  the  fol- 
lowing tests  of  compressor  be  made  after 
the  above  inspection  is  completed:  With  all 
air  reservoirs  empty  and  brake  valve  on  re- 
lease position,  start  air  compressor  and  note 
length  of  time  taken  in  pumping  up,  and. 
pressure  at  cutting  out  point.  The  inspector 
will  learn  to  t-ell  when  a  compressor  is  not 
working  properly  by  this  method.  A  test 
for  leakage  should  then  be  made,  leaving 
apparatus  in  same  condition  as  above,  and 
noting  number  of  pounds  drop  in  one 
minute;  the  inspector  will  soon  become  edu- 
cated to  detect  leaks  in  this  manner. 


NOTES  ON  MACHINE  ROCK 
DRILLING 

By  George  C.  McFarlane. 
For  all  ordinary  mining  work,  particularly 
sinking  and  drifting  in  hard  rock,  a  3,  or  ^l/\- 
in.  machine,  of  any  standard  make,  will  give 
good  satisfaction.  Among  the  factors  which 
make  for  fast  drilling  and  rapid  driving  are 
good  strong  machines,  kept  in  first-class  re- 
pair; good  air,  that  is,  air  free  from  entrained 
moisture  and  under  a  pressure  of  80  lbs.  or 
100  lbs.,  or  even  more ;  sharp,  square-bitted 
steel  of  the  smallest  possible  gauge;  using  as 
few  flat,  dry  holes  as  possible ;  and  arranging 
the  work  so  that  the  holes  have  good  square 
starts.  In  all  hard-rock  mines,  unless  ventila- 
tion is  extremely  poor,  it  pays  to  drill  small- 
gauged    holes,    heavily    burdened,    and    spring 


them  a  couple  of  times,  so  that  they  will  take 
big  charges  of  explosive. 

Wherever  a  number  of  machines  are  used, 
it  pays  to  keep  a  good  man  to  look  after  the 
machine  repairing  and  attend  to  extending  the 
pipe  lines,  and  to  see  they  don't  leak.  The  ma- 
chines should  be  taken  apart,  cleaned,  and 
broken  or  worn  parts  replaced  at  least  every 
two  weeks ;  the  brass  rotating  nut  in  the  pis- 
ton, particularly,  should  be  renewed  at  the 
slightest  sign  of  wear,  as  in  hard,  slippy  ground 
it  is  important  that  the  drill  is  twisted  suffi- 
ciently. It  also  pays  to  frequently  renew  the 
chuck  bushing,  as  with  a  worn  chuck  bushing 
it  is  impossible  to  chuck  a  drill  straight,  and 
the  starter  wobbles  all  over  the  face  in  start- 
ing a  hole. 

higher  air  pressures. 

The  increasing  tendency  to  use  higher  air 
pressures  for  rock  drilling  is  a  very  good  one, 
and  I  have  found  it  advantageous  to  use  pre- 
sures  even  up  to  140  lbs.  At  this  latter  pres- 
sure it  is  found  that  machines  use  very  little 
more  free  air  than  at  100  lbs. 

In  places  where  only  70  or  80  pounds  of  air 
is  carried  at  the  compressor,  the  pressure  at  the 
machines  is  very  weak,  especially  when  two  or 
three  machines  on  one  small  pipe  line  are 
started  up  together.  In  this  case  the  machine 
drags  the  steel  back  and  forth  and  wears  the 
gauge  of  the  steel  just  as  much  as  hard,  solid 
blows. 

One  of  the  most  exasperating  features  of 
drilling  hard  rock  is  the  frequent  "fituring"  of 
the  holes,  caused  by  the  steel  glancing  and  de- 
flecting when  the  hole  encounters  heads  and 
slips  at  acute  angles.  When  a  hole  fitures  be- 
fore it  is  half  way  down,  it  is  impossible  to  fin- 
ish it,  and  a  new  hole  should  be  started  at 
once ;  however,  most  runners  will  twist  and 
pound  the  chuck  for  an  hour  or  so  before  they 
give  a  hole  up.  The  best  way  to  guard  against 
fituring  is  to  have  the  steel  gauged  small,  and 
instead  of  dropping  the  gauge  3-16  in.  per  ft., 
shade  the  gauge  1-8  in.  or  less.  For  8-ft.  holes, 
use  a  2-in.  starter  and  finish  the  hole  1  3-8  in. 
or  1  1-2  in.,  and  use  very  long  bits  on  the  start- 
ers and  seconds,  the  bits  being  made  of  cruci- 
form steel  only  a  trifle  smaller  than  the  gauge. 
These  long  bits  tend  to  hold  the  hole  pretty 
straight  on  the  start.  The  long  drills  of  the 
set  should  be  of  light  steel  and  fitted  with 
shorter  bits,  so  that  the  drill  can  weave  around 
a   little  to   follow   the  hole  if  it   runs   a   little 
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crooked.  The  bits  should  be  square  and  the 
corners  sharp.  When  starters  with  big  wings 
and  with  the  corners  dubbed  back  are  used  to 
begin  a  hole,  the  hole  will  rifle  more  or  less 
if  the  rotating  mechanism  of  the  machine  is  the 
Jeast  worn;  then,,  as  the  hole  goes  down,  the 
steel  will  be  twisted  with  difficulty  and  easily 
sheared  off  by  a  slip. 

Another  advantage  of  using  small  starters 
and  using  very  little  drop  to  the  gauge  is,  that 
the  hole  drills  much  faster ;  a  2-in.  starter  will 
drill  i  ft.  in  5  min.,  where  a  2  5-8-in.  starter 
would  require  about  7  min. ;  from  this  it  fol- 
lows that  large  bits  wear  their  gauge  faster 
than  small  bits. 

DRILLING  SMALLER  HOLES. 

A  couple  of  years  ago,  in  the  heavy  rock 
cuts  along  the  line  of  the  C.  P.  R.  R.  and  G.  T. 
P.  R.  R.,  in  New  Ontario,  the  deep  holes  in 
the  hard  granite  and  trap  would  be  started 
with  3  1-2-in.  and  4-in.  starters.  Now,  many 
of  the  contractors  are  putting  down  25-ft.  and 
30-ft.  holes  and  starting  them  with  2  1-2-in. 
bits,  and  the  drills  are  turning  out  40  per  cent, 
more  footage. 

In  the  Dutton  tunnel,  near  the  Winnipeg 
river  crossing  of  the  Grand  Trunk  Pacific,  the 
semi-circular  heading,  9  ft.  high  and  16  ft. 
wide,  was  driven  through  extremely  hard 
granite  with  two  Electric  Air  drills.  A  round 
of  28  holes,  each  about  10  ft.  deep,  were  drilled. 
These  holes  were  started  with  a  2-in.  drill  and 
finished  with  a  single-bitted  i-in.  steel,  the 
bit  being  just  a  shade  larger  than  the  steel. 
These  small  holes  drilled  very  fast,  an  average 
footage  of  45  ft.  being  turned  out  by  each  ma- 
chine in  a  shift.  One  of  the  machines  made 
97  ft.  in  a  10-hour  shift.  After  the  round  of 
holes  was  drilled,  and  the  machines  rigged 
down,  all  the  holes  were  sprung  twice,  an  av- 
erage of  3  sticks  being  used  for  the  first 
spring,  and  6  sticks  for  the  second  spring,  the 
<)  in-cut  holes  being  sprung  the  heaviest. 

SPRINGING  THE   HOLES. 

It  took  4  men  3  hours  to  spring  the  holes 
twice,  after  which  they  were  allowed  to  cool  2 
hours  before  tamping  in  the  blasting  charge. 
Thus  the  springing  required  just  about  half  a 
shift.  When  the  holes  were  sprung  they  broke 
clean  to  bottom,  and  the  roof  and  sides  were 
left  in  good  shape,  not  requiring  any  more 
scaling  than  was  necessary  before  using  the 
spring  method.  When  drilling  the  small  holes, 
the  two  machines  would  put  in  a  round  of  10- 


ft.  holes  in  three  shifts,  each  round  advancing 
the  heading  9.2  ft.  On  the  start,  before  the 
foreman  tried  springing  the  holes,  it  was  neces- 
sary to  drill  very  large  holes  in  order  to  get 
enough  dynamite  in  the  bottom  of  the  hole  to 
break  the  ground,  the  holes  being  started  with 
a  2  3-4-in.  bit,  and  finished  at  a  depth  of  9  ft. 
with  a  1  15-16-in.  bit.  It  required  5  shifts  for 
the  machines  to  put  in  a  round,  and  the  aver- 
age break  was  7.4  ft.  per  round.  This  gives  an 
idea  of  the  economies  that  can  be  effected  by 
springing  holes  where  the  rock  is  very  hard. 
Of  course,  the  method  would  hardly  be  appli- 
cable to  softer  rock,  as  it  would  probably  be 
cheaper  to  drill  a  larger  hole  than  to  spend 
time  and  explosive  chambering  out  a  small 
hole.  This,  however,  is  a  matter  of  direct  cal- 
culation from  actual  demonstration. 

It  is  always  good  policy,  when  driving  drifts 
and  crosscuts  in  hard  ground,  to  drill  the  full 
round  before  blasting.  In  some  localities  the 
machine  men  drill  and  blast  the  incut  first,  and 
then  rig  up  and  drill  the  squaring.  When  this 
is  done,  they  always  get  poor  starts  for  the 
squaring  holes,  as  a  slanting  face  is  left  when 
tin-  cut  holes  kick  out,  and  it  takes  as  long  to 
get  a  hole  started,  in  hard  rock,  on  a  slanting 
face  as  it  does  to  drill  the  entire  hole  after  the 
start  is  made.  For  the  same  reason,  I  prefer 
a  "V"  in-cut  to  a  "draw"  or  "side-cut,"  unless 
there  is  an  exceptionally  good  floor  or  slip  to 
break  to.  With  a  side  or  bottom  in-cut,  most 
of  the  holes  have  to  be  started  on  a  bad  slant, 
while  with  a  "V"  cut  all  the  holes  go  in  very 
nearly  square  with  the  face,  and,  by  springing 
the  cut  holes  twice,  or  even  once,  it  is  possible 
to  get  clean  breaks  every  round. 

The  machine  steel  should  invariably  be  made 
on  the  ground,  as  it  can  be  made  by  any  fairly 
good  blacksmith  for  a  great  deal  less  money 
than  the  manufactured  bits  can  be  purchased 
for.  For  making  machine  bits,  the  common 
grades  of  bar  and  cruciform  steel,  costing  from 
7  cts.  to  8  cts.  a  pound,  is  just  as  satisfactory 
as  the  high-grade  brands  of  American  and 
English  tool  steels,  costing  up  to  20  cts.  a 
pound.  Every  mine  blacksmith  has  some  par- 
ticular fad  about  making  or  tempering  drills. 
To  handle  the  work  to  the  best  advantage,  the 
blacksmith  should  be  able  to  make  good  steel 
welds.  Of  course,  it  is  possible  to  make  a  bit 
by  upsetting  the  steel,  but  it  can  be  made  in 
half  the  time  by  welding  on  a  short  length  of 
cruciform   steel.      While   it   is   essential   that   a 
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bit  should  be  properly  tempered,  it  is  just  as 
important  that  the  bit  be  properly  made  and 
the  steel  worked  properly  every  time  the  bit  is 
sharpened.  The  wings  of  the  bit  should  be 
equally  proportioned,  rather  heavy,  the  corners 
should  be  square,  and  the  shoulders  slope  back 
very  gradually  from  the  cutting  edge.  In  mak- 
ing the  bit,  care  must  be  taken  not  to  chisel  in- 
to the  core  of  the  bit  in  splitting,  because,  when 
the  core  is  deeply  chisel-marked,  the  corners 
will  break  off  in  tempering.  In  sharpening  a 
dull  bit,  most  of  the  work  should  be  done  with 
a  cross-peined  hand-hammer ;  with  light,  quick 
blows  of  the  pein  of  the  hammer,  the  metal  is 
worked  from  the  center  outward  to  the  corners 
and  down  to  the  cutting  edges ;  and  many  times 
this  hand-hammering  will  be  all  the  sharpening 
that  is  necessary.  Every  second  or  third  dress- 
ing the  bit  will  have  to  be  squared  up  with  a 
dolly  and  side-flatter  and  gauged  with  a  half- 
round  swage. 

Of  the  many  different  ways  of  tempering  ma- 
chine drills,  I  have  found  the  following  to 
give  the  most  uniform  results :  After  the  bit 
is  sharpened,  it  is  heated  up  to  a  bright  red 
heat ;  at  this  heat  the  surface  will  mottle  with 
little  blisters  or  blebs  if  the  drill  is  pulled  out 
of  the  fire.  At  this  heat,  or  even  hotter  (as 
the  exact  degree  of  heat  does  not  seem  to  be 
important),  the  drill  is  shoved  about  an  inch 
into  the  water,  swished  around  to  keep  the 
point  sizzling  in  fresh  water,  and  occasionally 
soused  to  gradually  cool  the  bit  back  of  the 
cutting  edge.  In  about  20  seconds  the  bit  can 
be  dropped  into  the  tub.  This  method  of  tem- 
pering makes  only  the  cutting  edge  hard,  and 
also  seems  to  toughen  the  bit.  Another  method 
which  gives  good  results  but  takes  more  time, 
is  to  let  the  bit  get  cold  from  the  sharpening 
heat,  then  heat  to  a  cherry  red  and  plunge  into 
the  tub,  take  out,  warm  it  over  the  forge,  swab 
it  with  black  oil,  burn  the  oil  off  and  again 
plunge  in  the  tub.  Ordinarily,  blacksmiths 
throw  the  drills  into  the  tub,  right  off  the  an- 
vil. Generally  they  are  not  hot  enough  to  take 
a  hard  temper,  and  they  are  heated  so  far  back 
that  when  they  do  break  off,  about  half  the  bit 
stays  in  the  hole. 

DAMP    AIR. 

In  low  altitudes,  particularly  on  hot,  muggy 
days,  the  air  coming  to  the  machine;  is  often 
wet  and  gives  a  good  deal  of  trouble  bv  freez- 
ing up  the  exhaust  ports  and  stopping  the  ma- 
chine.   In  one  mine  where  the  air  was  com  in  • 


ually  freezing  in  the  machines,  I  found  the  air 
as  it  came  from  the  compressor  was  so  hot 
that  you  could  not  hold  your  hand  on  the  air 
receiver.  I  particularly  remedied  the  trouble 
in  this  instance  by  covering  the  receive.-  w  :h 
burlap  and  spraying  it  with  water  from  a  per- 
forated pipe,  which  cooled  the  air  enough  to 
condense  a  considerable  amount  of  the  water, 
thereby  trapping  it  in  the  receiver. — Mining 
Science. 


TRAPPING  RATS 

Engineers  and  contractors  sometimes  find 
rats  a  nuisance,  or  worse,  in  their  workings 
and  have  to  take  measures  for  their  extermina- 
tion. The  following  is  a  summary  of  a  collec- 
tion of  articles  written  by  the  employees  of  the 
U.  S.  Public  Health  and  Marine  Hospital  ser- 
vice engaged  in  rat  catching  at  San  Francisco. 
These  men  have  demonstrated  their  knowledge 
of  the  subject  by  continuous  large  catches,  and 
what  is  here  detailed  is  the  result  of  actual  ex- 
perience ;  it  will  be  found  to  be  highly  interest- 
ing reading  and  the  information  conveyed  is 
out  of  the  usual  run. 

Rats  are  to  be  found  where  there  is  an 
abundant  food  supply,  and  the  best  places  to 
trap  them  are  slaughter  houses,  meat  markets, 
chicken  houses,  and  wherever  garbage  is  ac- 
cumulated. If  a  rat  is  deprived  of  this  food 
supply  it  will  be  attracted  by  the  bait  and  enter 
the  trap. 

When  rats  are  plentiful  the  large  19  inch 
French  wire  cage  trap  has  given  very  good  re- 
sults. It  should  be  made  of  stiff,  heavy  wire 
and  be  well  reinforced,  as  a  large,  strong  rat 
will  force  his  head  between  the  wires  of  a 
weak  trap  and  escape.  The  lever  on  the  trap 
should  be  tested  to  see  that  it  works  properly. 
The  trap  should  be  placed  on  a  hard  surface 
with  the  rear  end  a  little  higher  than  the  en- 
trance so  that  the  trap  will  close  promptly. 
When  setting  the  trap  in  an  open  place  it 
should  be  fastened  to  a  board  on  which  about 
an  inch  of  soft  earth  has  been  spread.  Place 
the  trap  where  rats  usually  go  for  food,  or  in 
a  runway,  and  disturb  the  surroundings  as  lit- 
tle as  possible.  It  is  sometimes  well  to  place 
the  trap  near  dripping  water,  as  the  rats  may 
go  there  to  drink.  If  the  trap  is  set  in  hay, 
straw  or  wood  it  should  be  covered  (except 
the  entrance)  with  the  same  material.  When 
this  is  not  possible,  it  should  be  covered  with  a 
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piece  of  sacking,  or  placed  in  a  dark  corner  or 
beneath  the  floors.  When  setting  the  traps  in 
a  sewer  a  dry  place  should  be  chosen. 

The  rat  is  more  or  less  of  an  epicure,  there- 
fore the  bait  should  be  changed  at  frequent  in- 
tervals. For  bait  the  rat  should  be  given  food 
which  it  is  not  usual  for  him  to  obtain.  In  a 
meat  market,  for  example,  vegetables  are  the 
best  bait,  while  in  a  location  where  vegetables 
are  plentiful,  fresh  liver  and  fish  heads  or  a 
little  grain  are  best.  The  following  may  be 
suggested  as  good  bait  to  be  used :  Fish,  fish 
heads,  raw  meat,  cheese,  smoked  fish,  fresh 
liver,  cooked  corned  beef,  fried  bacon,  pine 
nuts,  apples,  carrots,  and  corn.  When  trapping 
in  chicken  yards  a  small  chick  or  duckling  is  a 
remarkably  good  bait.  When  a  large  number 
of  rats  are  caught  in  one  trap,  search  for  the 
female  rat  and  leave  her  alive  in  the  trap,  as 
she  may  call  in  the  young  or  the  males.  The 
bait  should  be  fastened  to  the  inner  side  of 
the  top  of  the  trap  with  a  piece  of  fine  wire,  so 
that  the  first  rat  that  goes  in  can  not  force  the 
bait  underneath  the  pan  and  thus  prevent  the 
entrance  of  other  rats.  A  few  grains  of  barley 
should  be  scattered  near  the  entrance  of  the 
trap  and  a  small  piece  of  cheese  or  meat  fast- 
ened to  the  pan  with  a  bit  of  wire.  It  is  often 
well  to  touch  the  pan  with  a  feather  which  has 
been  dipped  in  oil  of  anise  or  oil  of  rhodium. 
The  trap  should  be  smoked  with  a  piece  of 
burning  newspaper  to  take  away  the  smell  of 
the  human  hands,  or  of  rats  which  have  been 
caught  in  the  trap.  Do  not  handle  the  trap 
after  burning  it  out.  When  trapping  -in  a 
neighborhood  where  rats  are  known  to  exist, 
the  traps  should  not  be  moved  for  three  or 
four  days  unless  they  have  rats  in  them,  as  it 
is  well  for  the  rats  to  become  accustomed  to 
seeing  the  traps  and  thus  careless  about  enter- 
ing them.  It  is  not  wise  to  kill  rats  where  they 
are  caught,  as  the  squealing  may  frighten  away 
the  other  rats. 

Snap  or  spring  traps  are  best  for  use  in 
houses  and  stores,  with  the  exception  of  fish 
and  meat  markets.  Snap  traps  are  best  for 
use  in  runways  and  on  beams  and  shelves.  It 
is  sometimes  well  to  disguise  the  trap  by  cov- 
ering its  floor  with  a  little  sawdust  or  dirt. 
The  traps  should  first  be  tested  to  see  that 
they  work  properly  and  that  the  staples  are  se- 
cure. New  traps  should  be  smoked  or  stained 
to  render  them  of  an  inconspicuous  color. 


The  bait  should  consist  of  some  firm  mater- 
ial, such  as  fried  bacon  or  tough  meat,  and 
should  be  tied  on  so  that  the  rat  will  be  obliged 
to  pull  on  it  and  thus  spring  the  trap.  The  trap 
should  be  placed  in  a  corner  or  close  to  the 
wall  on  a  flat,  hard  surface  in  order  that  the 
rat  cannot  spring  it  with  his  tail  or  by  walk- 
ing on  it. 

In  warehouses  and  granaries  large  numbers 
of  rats  may  frequently  be  trapped  by  using  a 
barrel  or  garbage  can  having  a  metal  top  which 
is  carefully  balanced.  A  large  piece  of  strong 
cheese  is  placed  in  the  middle  of  the  cover  and 
a  plank  laid  from  the  floor  to  the  edge  of  the 
barrel.  The  rat  runs  up  the  plank  and  on  the 
smooth  lid,  which  tips,  precipitating  the  rat 
into  the  barrel. 


DAMPNESS  AND  DYNAMITE 

Dynamite  should  never  be  stored  in  tunnels 
nor  in  any  place  where  dampness  exists.  Al- 
though a  tunnel  may  seem  dry,  all  rock-in- 
place  contains  from  3  to  8  per  cent,  of  moist- 
ure, which  is  continually  being  brought  to 
the  wall-surface  in  underground  workings 
by  capillarity,  where  it  is  evaporated  unless, 
for  want  of  ventilation,  the  air  is  saturated. 
Thus  the  rock  is  continually  contributing 
moisture,  which  is  greedily  absorbed  by  the 
sodium  nitrate  in  the  dynamite,  that  salt  be- 
ing highly  hygroscopic.  As  soon  as  the 
sodium  nitrate  has  deliquesced,  that  is, 
melted  from  absorption  of  moisture,  the 
homogeneity  of  the  dynamite  becomes  dis- 
turbed, and  the  "dope"  fails  to  retain  the 
nitroglycerine,  which  then  leaks  out.  The 
watery  substance  often  seen  on  cartridge- 
paper,  and  the  oily  stain  seen  in  dynamite 
boxes,  is  due  to  the  leaking  of  the  nitro- 
glycerine. A  cartridge  in  this  condition  is  far 
more  liable  to  accidental  explosion  than 
sound  dynamite,  and  it  is  perilous  and  un- 
economical in  use.  It  will  not  develop  the 
same  energy  as  good  dynamite ;  it  is  likely 
to  burn  and  blow  out  instead  of  detonating 
properly;  and  it  is  a  frequent  cause  of  "mis- 
fires," and  of  the  failure  of  a  charge  to  ex- 
plode to  the  bottom  of  a  hole.  — Mining 
and   Scientifi   Press,    c 


To  ward  off  the  evil  of  gas  leakage,  concrete 
curbing  5  ft.  deep  has  been  built  around  the 
new  parks  in  Chicago. 
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ANOTHER  VOLUME  COMPLETED 

The  present  issue  completes  another  vol- 
ume— the  thirteenth — of  our  Compressed  Air 
Magazine,  and  gives  occasion  for  a  word  as 
to  what  has  been  done,  and  especially  as  to 
the  work  ahead. 

It  is  gratifying  and  stimulating  to  note 
that  the  use  of  compressed  air  as  a  means  of 
power  transmission,  and  for  the  multitudinous 
employments  for  which  it  is  especially  adapted. 
is  rapidly  and  continually  extending,  and  that 
every  new  job  which  it  gets  it  holds,  with  no 
diminution  in  any  of  its  already  established 
activities.  Compressed  air  apparatus  is  con- 
tinually being  developed  and  improved  and 
added  to,  and  those  interested  in  it  and  seek- 
ing information  concerning  it  are  becoming 
more  numerous. 

Compressed  air  has  won  its  way  not  always 
by  undertaking  in  advance  to'  do  its  work 
cheaper  than  any  other  agent,  measured  al- 
ways by  the  power  cost  alone,  but  rather  by 
its  instant  and  constant  readiness  for  action 
and  its  precise  adaptability  to  certain  lines  of 
work,  and  these  characteristics,  which  should 
recommend  and  advance  any  prospective 
worker,  have  led  to  appreciation  and  con- 
stantly widening  employment.  The  extension 
of  the  uses  of  compressed  air  during  the  life 
of  this  magazine  has  been  really  quite  aston- 
ishing. Not  to  go  into  details  at  all,  those 
sufficiently  informed  will  surely  concede  at 
least  a  tenfold  increase  in  these  thirteen  years, 
the  increase  extending  in  every  direction,  the 
number  of  compressors,  the  number  of  air 
operated  apparatus,  the  number  of  distinct 
and  specific  operations,  and  necessarily  also  a 
similar  increase  in  the  number  of  firms  and 
individuals  using  it  and  seeking,  or  welcoming 
when  not  sought,  newer  and  fuller  knowdedge 
which  will  still  further  extend  the  field  of  its 
activities. 

It  is  to  be  remembered  that  the  indefinite- 
ness  of  the  term  "compressed  air"  makes  it  all- 
comprehensive.  All  air  of  which  we  can 
have  any  knowledge  is  compressed  air.  "Free"' 
air,  at  whatever  altitude,  is  always  compressed 
by  all  that  is  above  it,  so  that  in  treating  of 
compressed  air  and  its  relations  with  things 
in  general  we  necessarily  have  to  do,  as  our 
sub-title  suggests,  with  "everything  pneumatic." 
No  periodical  of  a  technical  character  within 
our  knowledge  has  so  wide  a  reach  of  inter- 
ests to  cater  to  as  ours,  and  if  we  have  failed, 
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as  we  have  and  must,  to  adequately  serve 
them  all,  we  may  at  least  hope  and  resolve  to 
have  a  wider  and  a  widening  influence  in  the 
future. 

What  success  we  may  have  must  depend 
largely  upon  our  readers.  With  a  field  so 
entirely  and  exclusively  our  own,  with  no  oth- 
er periodical  in  the  world  in  competition,  with 
so  vast  and  diverse  interests  to  cater  to,  our 
position  is  really  unique  in  the  technical  press. 
What  subscribers  and  readers  and  advertisers 
we  have  have  come  to  us  practically  unsolicit- 
ed, in  which  particular  we  have  no  doubt  been 
remiss.'  Our  record  is  deplorably  unique. 
While  advocating  so  constantly  the  use  of 
compressed  air  we  have  employed  none  of  it 
for  the  blowing  of  our   own   horn. 


THE  A.  S.  M.  E.  RELEASES  ITS  PAPERS 
FOR  ADVANCE  PUBLICATION 

Editor   Compressed   Air : 

We  are  pleased  to  announce  that  the  Socie- 
ty has  determined  to  release  the  papers  to  be 
presented  at  its  meetings  for  general  publica- 
tion in  the  technical  magazines,  immediately 
after  such  papers  appear  in  The  Journal.  The 
former  rule  has  been  against  allowing  them  to 
be  published,  even  in  abstract,  until  after  they 
were  presented  at  a  meeting.  The  Society  is 
anxious  to  facilitate,  further,  the  reprinting 
of  papers  published  in  The  Journal  and  dis- 
cussions upon  them  contributed  at  the  meet- 
ings, and,  upon  request,  will  furnish,  at  cost, 
verbatim  reports  including  the  discussions  of 
papers  presented. 

The    American     Society    of    Mechanical    En- 
gineers, 

LESTER  G.  FRENCH,  Editor. 


NEW  BOOKS 
American  Machinist  Handbook  and  Dic- 
tionary of  Shop  Terms,  by  Fred  H.  Colvin 
and  Frank  A.  Stanley,  Hill  Publishing  Com- 
pany, New  York,  544  pages  4J4  by  6^  inches, 
bible  paper,  full  gilt,  limp  leather  cover,  price 
$3.00.  This  book,  prepared  by  two  graduates 
of  the  shop,  is  packed  full  of  tables,  rules,  for- 
mulas, data  and  general  information,  much  of 
it  new  and  all  in  readily  usable  condition, 
for  machinists  and  workers  in  all  the  allied 
trades,  for  draftsmen  and  engineers,  and  rep- 
resents in  its  preparation  a  vast  amount  of 
honest,  skillful  work  dominated  by  exacting 
judgment.  The  dictionary  portion  is  quite  en- 
cyclopedic in  character. 


A  Pockct-Book  of  Mechanical  Engineering, 
by  Charles  M.  Sames,  Third  Edition  Revised 
and  Enlarged,  Jersey  City,  N.  J.,  Charles  M. 
Sames.  195  pages,  4%  by  6^4  inches,  ^  inch- 
thick.  Price  $2.00.  This  is  in  fact  as  well 
as  in  name  a  pocketbook,  and  can  be  carried 
constantly  without  a  suggestion  of  inconveni- 
ence. It  is  quite  probable  that  so  much  in  the 
way  of.  tables,  formulas,  data,  theory  and  ex- 
amples was  never  before  got  into  the  same 
space.  The  book  has  a  very  satisfactory  in- 
dex. 

How  to  Build  up  Furnace  Efficiency,  by 
Jos.  W.  Hays,  Combustion  Engineer,  Jos.  W. 
Hays,  601  Hartford  Building,  Chicago,  48 
pages,  1V2  by  6*4  inches.  Price  50  cents. 
"There  are  dollars  to  be  saved  at  the  furnace 
from  the  book  that  the  way  to  save  dollars 
and  only  dimes  at  the  engine,"  and  we  gather 
from  this  book  that  the  way  to  save  the  dollars 
is  to  persistently  use  a  "gas  analysis  instru- 
ment." 


TRADE  PUBLICATIONS 

Catalogue  Number  5,  American  Spiral  Pipe 
Works,  Chicago,  80  pages,  8  by  ioj4  inches. 
This  catalogue  gives  full  information,  with' di- 
mensions and  price  lists,  of  Spiral  Riveted 
Pipe,  Forged  Steel  Pipe  Connections,  Exhaust 
Steam  and  Hydraulic  Supplies.  Many  photos 
and  blue-print  profiles  and  maps  are  given  of 
long  water  supply  lines,  both  for  municipal 
service  and  power  transmission.  Various  use- 
ful tables  also  are  included. 

Riveters,  Catalogue  No.  3,  Hanna  Engineer- 
ing Works,  Chicago,  64  pages  and  cover  6  x  9 
inches.  The  riveters  described  have  a  move- 
ment giving  the  large  opening  of  the  toggle 
joint  with  increasing  pressure  in  the  -advance 
and  a  simple  lever  action  through  a  consider, 
able  space  under  approximately  maximum 
pressure,  thus  producing  hydraulic  results  with 
a  pneumatic  riveter.  Many  styles,  sizes  and  ap- 
plications of  the  riveters  are  shown.  Hydro- 
Pneumatic  Riveters  also  are  described,  and 
various  other  manufactures  of  the  firm. 


AIR  TOOLS  IN  THE  BOILER  SHOP 

Editor  the  Boiler  Maker: 

In  all  up-to-date  boiler  shops  various  kinds 
of  air  tools  are  being  used :  the  air  hammer 
for  riveting,  calking,  chipping,  etc. ;  the  motor 
for    drilling,   tapping   and   countersinking   and 
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the  jam  hammer  for  bucking  up  rivets  on  mud 
rings  and  air  drums.  Air  tools  are  also  ex- 
tremely useful  in  flue  work,  as  they  can  be 
used  for  rolling,  balling  over,  beading,  etc. ; 
but,  of  course,  judgment  must  be  used  when 
using  them  for  such  work,  as  there  is  danger 
■of  overworking  the  flues,  whereas  the  hand  is 
very  sensitive,  and  tubes  can  be  set  by  hand 
without  any  danger  of  injuring  the  tube.  Care 
must  be  used  not  to  roll  the  flues  too  much. 
just  the  same  as  when  driving  rivets,  the 
proper  length  must  be  chosen  to  give  a  good, 
full  head. 

Large  air  clamps  for  Hanging  are  also  a 
handy  device  for  forming  flue  sheets,  etc.,  as 
the  hot  sheet  can  be  quickly  clamped  and  then 
pounded  into  shape  with  heavy  mauls.  The 
furnace  for  heating  the  sheet  can  be  run  by  oil 
and  air,  and  with  such  a  furnace  the  sheet 
■can  be  heated  evenly  all  over  in  one  heat,  and 
thus  a  vast  amount  of  time  and  trouble  saved. 
Also  in  reaming  out.  tapping  and  running  in 
staybolts  an  air  motor  saves  a  vast  amount  of 
time.  In  fact,  there  is  scarcely  an  air  tool 
built  for  use  in  a  boiler  shop  which  is  not 
a  time  saver. 

Harry  Jewell. 


COMPRESSED  AIR  HYGIENE 

(Continued  from  Page  5109.) 
Practical  experience  of  work  in  compressed 
air  shows  that  even  with  very  rapid  decom- 
pression no  symptoms  of  caisson  disease  occur 
with  an  absolute  pressure  of  less  than  two  at- 
mospheres, and  that  symptoms  are  very  rare 
and  slight  until  the  pressure  rises  beyond  2.3 
atmospheres,  or  19  lb.  gage.  This  was  found 
to  be  true  also  for  goats.  Now,  if  it  is  pos- 
sible to  decompress  rapidly  and  with  safety 
from  two  atmospheres,  or  a  little  more,  to  one 
atmosphere,  it  seemed  likely  that  it  would  be 
possible  to  decompress  with  equal  safety  from 
four  atmospheres  to  two,  or  from  six  to  three, 
since  the  volume  of  gas  tending  to  be  liber- 
ated would  be  the  same  in  each  case.  Ex- 
periment showed  that  this  was  the  case,  and 
that  the  danger  of  rapid  decompression  de- 
pends, not  on  the  absolute  difference  between 
the  initial  and  final  pressure,  but  on  the  pro- 
portion between  the  two  pressures.  If  this 
proportion  is  only  2,  or  2.3  to  I  the  decom- 
pression is  safe ;  if,  on  the  other  hand,  the 
proportion  is  3  or  4  to  1,  the  decompression 
is  dangerous. 


The  method  hitherto  recommended  for 
bringing  men  safely  out  of  compressed  air  has 
been  to  decompress  at  a  slow  and  uniform 
rate.  But  calculation  on  the  principle  already 
referred  to  shows  that,  however  slow  this 
uniform  decompression  may  be,  the  differ- 
ence in  partial  pressure  between  the  nitrogen 
dissolved  in  the  tissues  and  the  external  air- 
pressure  will  go  on  increasing  during  the  de- 
compression. Still  more  will  the  proportional 
difference  between  two  pressures  increase.  At 
the  end  of  the  decompression,  therefore,  the 
danger,  if  any,  will  be  at  a  maximum,  where- 
as during  the  first  half,  or  more,  of  decom- 
pression time  is  simply  being  wasted,  or  much 
worse  than  wasted,  if  saturation  of  the  body 
has  been  incomplete.  All  experiments  con- 
firmed  this   theoretical   deduction. 

STACK     DECOMPRESSION. 

1  hese  considerations  led  to  a  new  method, 
that  of  decompression  in  graduated  stages. 
The  principle  of  this  method  is  that  the 
worker  in  compressed  air  is  brought  rapidly 
to  half  the  absolute  pressure  (or  a  little  fur- 
ther if  his  tissues  are  not  saturated),  stopped 
there  for  a  time,  then  decompressed  a  little 
further  after  sufficient  time  has  elapsed  to  al- 
low the  maximum  nitrogen  pressure  in  any 
part  of  his  body  to  become  not  more  than 
twice  the  nitrogen  pressure  of  the  air  at  the 
lower  stage,  fie  is  then  brought  on  by  fur- 
ther stages  on  the  same  principle  until  he 
reaches  atmospheric  pressure.  For  the  differ- 
ence between  the  stages  a  pressure  of  0.3  at- 
mospheres was  selected,  corresponding  to  10 
ft.  of  sea-water.  The  proper  stoppages,  after 
stays  at  different  depths,  and  for  different 
periods  of  time,  have  been  carefully  calcu- 
lated and  put  into  the  form  of  .a  table,  which 
is  now  in  use  in  the  Biritish  Navy.  This 
diving  table  extends  to  depths  up  to  204  ft. 

For  ordinary  diving  work  the  table  limits 
the  stay  on  the  bottom  in  such  a  way  that  the 
diver  can  come  up  safely  within  half  an  hour. 
This  is  desirable  for  many  reasons.  After 
prolonged  stays  on  the  bottom  at  great  depths 
the  time  required  for  safe  decompression, 
even  by  the  stage  method,  is  far  too  long;  and 
with  uniform  decompression  many  hours 
would  certainly  be  needed  at  the  greatest 
depths. 

The  method  of  stage-decompression  was 
very  thoroughly  tested  on  goats,  and  com- 
pared with  the  old  method  of  uniform  decom- 
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pression.  The  result  was  to  show  beyond  all  clearly  that  it  is  safe  to  decompress  in  three 
question  that  the  stage-decompression  method  minutes  from  17^-lb.  pressure,  or  a  little 
is  greatly  superior,  particularly  for  diving  more.  One  or  two  exceptional  cases  where 
work.  Even  when  the  rate  of  decompression  symptoms  have  occurred,  though  not  of  a  ser- 
was  much  too  fast  by  either  method,  stage-de-  ious  nature,  are,  however,  on  record. 
compression  proved  considerably  safer.  With  In  order  to  avoid  any  chances  "of  mechanical 
goats  it  was  necessary  to  provide  for  parts  of  injury  to  the  cars,  and  to  keep  within  limits 
the  body  taking  as  much  as  45  minutes  to  be-  tested  by  practical  reference,  not  less  than  two 
come  half-saturated  or  half-desaturated  after  or  three  minutes  should  be  -allowed  for  the 
a  given  alteration  of  pressure.  For  man  we  rapid  decompression,  and  the  outlet  tap 
therefore  consider  it  necessary  to  provide  for  should  be  so  regulated  as  to  prevent  a  faster 
parts  requiring  75  minutes,  as  the  respiratory  rate.  If  two  or  three  minutes  in  all  were 
exchange  per  unit  of  body  weight  in  man  is  taken  the  rate  of  fall  of  pressure  would,  how- 
three-fifths  that  of  goats.  ever,  naturally  be  much  faster  at  the  begin- 
In  the*  case  of  caisson  and  tunnel  work,  the  ning  than  the  end  of  the  process,  which  would 
conditions  are  somewhat  different  from  those  be  an  advantage.  An  accurate  and  easily 
in  diving.  In  the  first  place,  the  pressures  are  read  pressure  gauge  in  the  lock  is,  of  course, 
not  so  high,  while  the  period  of  exposure  is  essential,  and  it  would  also  be  desirable  to 
usually  longer — seldom  less  than  three  hours  have  a  graphic  record  of  each  decompression, 
in  the  case  of  ordinary  workmen.  In  the  The  accompanying  table  shows  the  number  of 
second  place,  there  is  not  the  same  need  for  minutes  to  be  allowed  for  each  pound  of  de- 
limiting the  time  spent  during  decompression,  compression  after  the  first  rapid  stage  has 
and  therefore  also  limiting  the  period  of  ex-  been  completed  in  3  minutes.  It  has  been  tak- 
posure.  Another  important  difference  is  that  en  into  account  that  men  will'  usually  come 
the  occasional  occurrence  of  symptoms  in  the  out  for  meals  after  periods  of  about  three 
air-lock  is  not  a  matter  of  such  importance  hours  work,  and  that,  since  they  will  not  have 
as  in  the  case  of  a  diver  under  water.  The  time  to  desaturate  during  the  interval,  they 
man  in  the  air-lock  has  others  to  look  after  will  be  more  highly  saturated  after  a  second 
him.  and  he  can  be  promptly  relieved  by  rais-  or  a  third  period  of  work  than  after  a  first, 
ing   the   pressure.     The   occurrences   of   svmp- 

toms   after   he   leaves   the   lock   seems   to  be   a  RATE  OF   DECOMPRESSION   per  pound. 

matter  of  more  moment,  as  it  might  be  some  Gage   Pressure.                     A-          B            C 

time    before   he    could   be    re-compressed,    and  18-20 235 

he  might  have  no  one  to  help  him.  21-24 3  5  7 

Bearing    in    mind     these     circumstances,     it  25-29 5  7  8 

seems   desirable   to   adopt   a   somewhat   slower  30-34 679 

rate   of  decompression   in   the   case  of  caisson  35-39 789 

workers  than  in  the  case  of  divers  who  have  40-45 7  8  9 

been  equally  long  exposed,  and  to  make   the  A — After  first  3  hours  exposure, 
decompression  more  gradual  towards  the  end,  B — After  second  or  third  3  hours  exposure, 
so  as  to  avoid  any  risky  state  of  super-satura-  showing  an  interval  for  a  meal, 
tion   in   the   body  of  a   man   after   leaving   the  C — After  6  hours  or  more  of  continuous  ex- 
air-lock.     The   slow  part   of   the   stage-decom-  posure. 

pression  then  becomes  theoretically  very  nearly  To  illustrate  the  use  of  the  table,  first  sup- 
uniform,  so  that  a  uniform  rate  may  well  be  pose  that  the  pressure  in  the  caisson  or  tunnel 
adopted.  This  considerably  simplifies  the  car-  is  23  lb.  by  gauge,,  corresponding  to  an  abso- 
lving out  of  the  slow  part  of  the  decompres-  lute  pressure  of  38  lb.  The  pressure  in  the 
sion.  and  the  directions  for  the  whole  process.  lock  can  be  reduced  in  three  minutes  to  19  lb., 
The  initial  rapid  stage  would  be  to  half  the  corresponding  to  an  excess  pressure  of  4  lb. 
absolute  pressure,  and  no  slow  stage  at  all  by  gauge.  The  pressure  will  then  be  allowed 
would  be  needed  if  the  pressure  in  the  caisson  to  fall  to  normal,  either  uniformly  or  by  about 
did  not  exceed  about  2.2  atmospheres  in  abso-  a  pound  at  a  time,  in  12  minutes,  so  that  14 
lute  measure,  or  17^  lb.  of  excess  pressure,  minutes  in  all  will  be  spent  in  the  lock  after 
since     practical     experience      seems     to     show  the  first  spell  of  about  three  hours'  work.    Af- 
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ter  a  second  or  third  spell,  22  minutes  will  be 
needed.  With  a  continuous  exposure  all  day, 
30  minutes  would  be  needed. 

It  will  be  seen  that  at  high  pressures  there 
would  be  a  saving  of  time  in  the  lock  if  the 
men  remained  continuously  in  the  compressed 
air.  The  time  in  the  lock  is,  however,  in  any 
case  very  long  at  the  higher  pressures.  This 
seems  inevitable  if  a  reasonable  standard  of 
safety  is  to  be  reached;  and  the  aim  of  the 
table  is  to  give  about  the  same  safety  for  work 
at  over  20-lb.  pressure  as  exists  at  present 
with  work  at  under  20  lbs.  Such  a  standard 
can  only  be  reached  by  giving  the  necessary 
time  for  decompression,  and  the  rates  of  de- 
compression hitherto  usually  adopted  are  un- 
safe, particularly  if  the  decompression  is  uni- 
form. 

With  such  long  times  spent  in  an  air-lock, 
ventilation  becomes  necessary,  and  in  order  to 
permit  of  this  it  would  probably  be  convenient 
to  have  an  outlet  provided  with  an  adjustable 
safety-valve,  so  that  the  pressure  could  be  kept 
steady  at  any  point  in  spite  of  the  influx  of  air. 
The  lock  should  be  large  enough  for  a  whole 
shift,  and  should  contain  an  electric  heater  and 
telephone. 

In  order  to  avoid  the  tedious  and  prolonged 
stays  in  a  small  air-lock,  it  would  probably  be 
convenient  in  many  cases  to  arrange  for  a 
roomy  air-lock,  or  section  of  tunnel,  kept  at  a 
constant  pressure  of  1-2.2  of  the  absolute  pres- 
sure in  the  working  space,  with  two  small 
locks  for  passage  to  the  working  space,  and 
to  the  outside.  The  men  could  be  detained  in 
this  "purgatory"  airlock  for  the  necessary 
time,  and  then  proceed  rapidly  through  the 
small  lock  to  the  outside.  By  this  plan  no 
lock  would  be  blocked  for  more  than  three 
minutes  at  a  time,  and  if  the  men  could  wash, 
change,  and  take  meals  in  the  "purgatory" 
lock  a  great  saving  of  time  would  be  effected. 
If,  for  example,  the  working  pressure  were  30 
lb.,  the  "purgatory"  lock  could  be  kept  at  SlA 
lb.,  and  the  men  would  need  to  stay  in  it  about 
50  minutes  on  their  way  out. 


survivors,  who  had  climbed  on  her  keel  as 
she  heeled  over,  naturally  took  it  for  granted1 
that  he  was  drowned.  What  was  their  sur- 
prise therefore  presently  to  hear  faint  knock- 
ings  from  beneath  their  feet,  evidently  made 
by  their  imprisoned  comrade.  Help  was- 
at  hand,  and  a  hole  was  cut  through  the  ship's 
bottom,  when  the  man  was  hauled  out,  little 
the  worse  for  his  terrible  experience.  He 
had,  it  appeared,  been  kept  alive  by  the  air 
which  had  been  imprisoned  in  the  hull  when 
the  vessel  capsized  and  which,  becoming 
compressed  as  the  water  rose,  had  eventually 
stopped  its  further  encroachment.  He  had 
used  a  balk  of  floating  timber  to  support 
himself.  We  may  suppose  that  lively  work 
was  called  for  when  the  hole  was  opened,  as 
the  air  must  have  blown  out  rapidly 
and  the  man  might  have  been  drowned  after 
all    by   the   water   rushing   in   from   below. 

The  man's  imprisonment  lasted  for  two 
hours,  and  in  the  cabled  reports,  the  incident 
is  characterized  as  unparalleled.  This,  how- 
ever, is  by  no  means  correct.  There  are  sev- 
eral cases  on  record  of  men  having  lived 
in  similar  circumstances  in  the  hulks  of  cap- 
sized ships  not  hours  only  but  days,  the 
most  remarkable  authenticated  instance  be- 
ing that  of  Capt.  Engallandt  of  the  Erndte, 
who  was  rescued  alive  after  an  entombment 
lasting  altogether  eleven  days  eighteen  hours. 
During  this  period  the  derelict,  drifting  bot- 
tom uppermost,  was  sighted  by  the  masters 
of  several  vessels,  all  of  whom,  however, 
passed  nonchalantly  by,  none  imagining  for 
a  moment  that  the  semi-submerged  and  cap- 
sized hulk  contained,  shut  up  in  its  vitals,  a 
living  man.  Eventually  the  Erndte  drifted 
ashore  near  Danzig  and  Capt  Engallandt 
was  taken  out  alive,  although  greatly  emaci- 
ated. 


ALIVE  IN  CAPSIZED  VESSELS 

We  read  in  Pearsons'  Weekly  of  the  re- 
markable escape  of  a  sailor  near  Newcastle, 
New  South  Wales.  The  barkentine  Kate 
Tatham  turned  turtle  in  a  gale,  and  one  of 
the    crew    was    shut    up    in    her    hold.      The 


THE  WET-BULB  HYGROMETER 

Various  instruments,  in  addition  to  the 
chemical  hygrometer,  have  been  developed 
for  measuring  the  hygrometeric  state  of  the 
air.  The  devices  are  purely  empirical  in  their 
methods  and  in  the  results  attained.  '  Thus 
the  wet-bulb  hygrometer  consists  simply  of 
two  thermometers,  one  of  which  registers 
the  temperature  of  the  air  and  the  other 
registers  a  different  temperature  which  is 
attained  by  the  following  process:     The  bulb 
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of  the  thermometer  is  surrounded  by  lamp 
wick,  which  is  connected  to  a  small  vessel 
containing  water.  The  wick  draws  up  moist- 
ure from  the  water  and  evaporation  occurs 
from  its  surface  into  the  air.  The  rapidity 
of  evaporation  depends  upon  the  relative 
dryness  of  the  air.  The  water  in  its  evap- 
oration absorbs  its  own  heat  of  liquefaction 
from  surrounding  bodies  and  produces  a 
distinct  cooling  effect  on  the  bulb  of  the 
thermometer,  similar  to  that  of  the  refriger- 
ating  machine. 


THE  CHEAPNESS    OF   WATERWORKS 
ENGINEERING 

There  are  now  on  the  Croton  watershed, 
which  is  depended  upon  exclusively  for  the 
present  water  supply  of  Manhattan  and  the 
Bronx,  nine  separate  dams,  with  another  un- 
der construction,  which  will  have  an  aggre- 
gate storage  capacity  of  104  billion  gallons.  It 
is  found  that  a  large  additional  storage  can  be 
secured  on  the  east  branch  of  the  Croton 
River,  above  the  present  Sodom  or  East 
Branch  reservoir.  The  estimated  cost  of  the 
work  for  dam  and  accessories  is  $3,250,000, 
while  the  additional  storage  provided  would 
be  20  billion  (20.000.000.000)  gallons.  The 
cost  per  gallon,  therefore,  would  be  about  one- 
sixtieth  of  a  cent  ($0.0001625)  and  the  reser- 
voir presumably  good  for  a  hundred  years. 


ANTHRACITE    AND    BITUMINOUS 
COAL   DISTRIBUTION. 

Outside  the  480  square  miles  of  the  well 
known  anthracite  region  of  Pennsylvania  in  the 
counties  of  Susquehanna,  Lackawanna,  Lu- 
zerne, Carbon,  Schuylkill,  Columbia,  North- 
umberland, Dauphin  and  Sullivan,  there  is 
hardly  any  true  anthracite  found  elsewhere  in 
the  United  States.  In  two  small  areas  in  the 
Rocky  Mountain  region  coal  has  been  locally 
anthracited,  but  the  production  has  never 
amounted  to  as  much  as  100.000  tons  in  any 
year.  The  bituminous  and  lignite  fields,  on 
the  contrary,  are  scattered  widely  over  the 
United  States,  including  an  area  of  496,000 
square  miles,  divided  into  the  six  provinces, 
the  Eastern  or  Atlantic  Coast,  the  Gulf  or 
Southern  States,  Interior  or  Mississippi  Valley, 
the  Northern  or  Great  Plains,  the  Rocky 
Mountain,  and  the  Pacific  Coast.  Bituminous 
coal  is  thus  produced  in  twenty-six  states  and 
territories,  and  forms  by  large  odds  the  great- 
er part  of  the  total  production. 


NOTES 

The  common  building  brick  is  the  most 
widely  spread  of  all  clay  products,  being  re- 
ported from  every  state  and  territory.  In  1907, 
9,705,698.000  common  brick,  valued  at  $58,- 
785.461.  were  produced  in  the  United  States. 


Isaac  Charles  Johnson,  saiM  to  have  been 
the  inventor  of  Portland  cement,  is  still  living 
at  Gravesend,  England,  at  the  age  of  98.  At 
his  birth  George  III  was  king,  Jefferson  was 
president  and  Napoleon  was  at  his  greatest. 
Johnson  became  an  architect  and  a  house  of 
his  building  is  still  standing  at  Swanscourt  in 
Kent.  This  was  the  occasion  of  the  Portland 
cement   invention   or   discovery. 


There  has  been  recently  patented  in  the 
United  States  by  a  citizen  of  Roumania,  a 
method  of  preserving  live  fish  during  long  per- 
iods of  transport  or  storage.  The  process  con- 
sists in  continuously  drawing  off  water  from 
the  tank  containing  the  live  fish,  bringing  this 
water  into  intimate  contact  with  ozone,  there- 
by "regenerating"  the  water,  returning  this 
regenerated  water  to  the  tank,  and  maintain- 
ing the  water  in  the  tank  at  a  low  temperature 
so  as  to  control  the  movements  of  the  fish. 
The  original  water  in  the  tank  is  supposed  to 
he  water  in  which  the  fish  had  their  natural 
habitat  when  caught.  In  transportation  the 
water  in  the  fish  tanks  is  drawn  through  an 
ozonating  device  in  the  end  of  the  car  and 
returned  to  the  tanks  by  means  of  a  small 
pump,  thus  keeping  up  a  constant  circulation 
of  the  water  and  cooling  said  water  at  the 
same  time  bv  means  of  ice. 


A  pipe  a  yard  long  holds  as  many  pounds. of 
water  as  the  square  of  its  diameter  in  inches, 
very  nearly.  Thus,  a  pipe  30  ft.  long  and  2 
in.  inside  dia.,  will  hold  2x2x10=40  lbs.  of 
water. 


Apply  soapsuds  with  a  small  brush  to  joints 
or  fittings  in  an  air  pressure  system  to  find 
leaks.  It  makes  no  difference  how  small  the 
leak  may  be  it  will  at  once  show  up  by  the 
foaming  soap  bubbles. 


Experiments  which  have  been  made  abroad 
indicate  that  the  heat  of  the  exhaust  of  a 
gas  engine  will  produce  1.1  to  1.5  pound  of 
steam    per   horsepower   hour,   or    it   would   be 
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sufficient  to  raise  from  600  to  820  pounds  of 
water  from  the  freezing  to  the  boiling  point. 
Arrangements  are  being  made  looking  to  the 
utilization  of  this  waste  heat. 


and  adjoining  power-house,  a  flour  warehouse 
and  75  freight  cars. 


It  is  stated  that  it  takes  fully  ten  days  of 
continuous  working  of  the  refrigerating  ma- 
chinery on  board  ship  to  reduce  the  tempera- 
ture of  a  cargo  of  fresh  fruit  to  the  point  at 
which  it  may  be  safely  held.  viz. :  36°  to 
38"  F.. because  of  the  heat  in  the  fruit  itself.  The 
internal  heat  of  the  fruit  is  rapidly  removed 
in  the  pre-cooling  systems  now  in  use  in 
America,  and  hence  such  precooled  fruit  can 
be  shipped  long  distances  without  deteriora- 
tion. 


Gerald  Stoney  recently  remarked  before  the 
British  Association  that  there  is  as  much 
power  in  steam  from  atmospheric  pressure 
down  to  z^A  inches  vacuum  as  there  is  from 
150  pounds  down  to  atmospheric  pressure,  and 
that  the  power  of  a  non-condensing  plant  can 
be  doubled  by  the  addition  of  an  exhaust 
steam  turbine  and  condenser,  and  in  cases 
where  there  is  not  a  supply  of  cooling  water 
improvements  in  cooling  towers  have  made 
them   cheap   and   efficient. 


The  expression  3  degrees  K,  means  3  de- 
gree-, centigrade,  above  absolute  zero,  the  ex- 
pression being  derived  from  the  name  of  Lord 
Kelvin,  who  first  defined  the  zero  of  the  abso- 
lute temperature  scale.  This  temperature, 
equal  to  about — 455  Fahr..  was  obtained  by 
Professor  Omer  when  liquifying  helium. 
He  kept  helium  at  a  temperature  of  4.5  K  for 
two  hours,  and  finally  evaporated  the  liquid 
under  the  pressure  of  about  1  centimetre  of 
mercury,  or  close  to  absolute  vacuum,  when 
the  temperature  was  estimated  to  be  about  3 
degrees  K. 


A  grain  elevator  exploded  recently  at  Rich- 
ford.  Vt..  killing  15  workmen  in  the  elevator 
and  2  women  who  were  walking  on  the  tracks 
near  the  building.  The  explosion  is  ascribed 
to  accidental  or  spontaneous  ignition  of  grain 
dust.  The  corrugated  iron  roof  was  blown  off 
and  portions  of  it  were  carried  more  than  a 
quarter  of  a  mile  away  from  the  building. 
Several  freight  cars  near  the  elevator  were 
broken  up  and  overturned.  The  fire  which 
followed     completely     destroyed     the     elevator 


Meteors  prove  that  the  air  is  still  dense 
enough  to  make  those  little  bodies  incandes- 
cent through  friction  at  a  height  of  one 
hundred  miles;  but  up  to  the  present,  man 
has  succeeded  in  exploring  the  atmosphere 
to  a  height  of  only  sixteen  miles.  The  great- 
est authentic  height  attained  by  a  human 
being  is  35.000  feet.  Kites  have  flown  to  a. 
height  of  21,100  feet,  and  an  unmanned  bal- 
loon, carrying  recording  instruments,  has 
reached  85,000  feet — a  little  more  than  six- 
teen  miles. — Youth's   Companion. 


In  the  Bakerloo,  Hempstead  and  Piccadilly 
(London)  "tubes"  they  have  just  ended  a 
great  rat  exterminating  job.  In  these  under- 
ground railways  the  rats  have  been  multiply- 
ing until  the  insulation  of  the  electric  wires 
and  cables  was  all  disappearing  before  their 
voracious  appetites.  As  ammunition  a  thou- 
sand tubes  of  a  special  virus  were  judiciously 
distrilmted  over  night,  the  first  effect  of  the 
virus  being  to  create  a  demand  for  the  upper 
air  similar  to  that  experienced  by  a  victim  of 
mal  de  nicr.  In  the  morning  Trafalgar 
Square  and  the  outsides  of  other  stations  were 
strewn  with  thousands  of  carcasses. 


The  pneumatic  tube  system  in  the  service 
of  the  Xew  York  post  office  is  being  rapidly 
extended.  Heretofore  the  connection  with  the 
general  post  office  did  not  extend  beyond  sta- 
tion G  at  51st  street  and  Broadway.  It  has 
now  been  extended  to  124th  street  west  and 
125th  street  east,  with  several  intermediate 
stations.  The  extension  just  completed  links 
Station  P.  in  the  new  Custom  House,  the 
Wall  street  station,  the  general  post  office 
and  all  the  West  Side  stations  as  far  as  124th 
street,  except  four  which  will  also  soon  be 
connected.  The  east  and  the  west  sides  also 
are  connected  and  the  east  side  lines  also  will 
be  extended  to  Harlem. 


The  total  excavation  on  the  Panama  Canal 
for  September  was  3.158.^86  cubic  yards 
place  measurement,  against  3,252,506  cubic 
yard-  in  the  previous  month  and  1. 515. 212 
cubic  yards  in  September.  1907.  There  were 
25  working  days  in  September,  against  26 
working  days   in   the  previous   month   of  An- 
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gust,  while  the  rainfall  for  September  was 
9.72  inches  against  11.93  in  August.  The 
average  daily  output  for  September,  1908, 
was  126,  355  cubic  yards,  against  125,096  cubic 
yards  in  the  previous  month  and  only  56,- 
118  cubic  yards  in  September,  1907.  Of  the 
September  excavation  3,089,  851  cubic  yards 
were  removed  from  the  canal  prism,  against 
3,152,471  cubic  yards  in  August  and  1,481,- 
307  cubic  yards  in  September,  1907. 

Total  excavation  since  May  1,  1904,  when 
the  United  States  began  this  work,  50,506,- 
317  cubic  yards  out  of  an  estimated  142,- 
000.000  cubic  yards  then  to  be  excavated. 


LATEST  U.  S.  PATENTS 

Fall  specifications  and  drawings  of  any  patent  may 
be  obtained  by  sending  five  cents  (not  stamps)  to  the 
Commissioner  of  Patents,   Washington,  D   (J.  . 

OCTOBER     6. 

900,132.     AUTOMATIC   AIR-HOSE  COUPLING. 

Nr.LSON  Toy,   Weir,   Kans. 
900,275.       FLUID  -   PRESSURE    REGULATOR. 

Louis   B.   Fulton,   Pittsburg,   Pa. 

900.355.  HUMIDIFIER.  FRANK  B.  COMINS, 
Sharon,    Mass. 

900.356.  HUMIDIFIER.  Frank  B.  Comins, 
Sharon,    Mass.  „,„„ 

900,418.  VARIABLE-CAPACITY  COMPRES- 
SOR     Bruno  V.  Nordkerg,  Milwaukee,  Wis. 

900,498.  PNEUMATIC  TIRE.  Horace  W.  Do- 
ver,   Northampton,    England. 

900,504.  WINDMILL.  Richard  G.  Finch, 
Plainville,    Kans.  ■ 

900,516.  APPARATUS  FOR  MANUFACTUR- 
ING HYDROGEN  GAS.  Edmond  Geisen- 
berger,   Liege,   Belgium. 

900,533.  FLEXIBLE  FLUID-JOINT.  CHARLES 
G.    Hawley,    Chicago,    111. 

900,603.  FLEXIBLE  FLUID-JOINT.  Edward 
E.   Silk,  Chicago,   111. 

900,61(1.  PNEUMATIC  PAD.  HORTENSIUS  E. 
Stow,   Windsor,   N.   Y. 

900,614.  VENTILATOR  SYSTEM  FOR  RAIL- 
WAY CARRIAGES  AND  THE  LIKE.  Ser- 
gius    Timochowitsch,    Moscow,    Russia. 

900,632.  PUMP  FOR  PNEUMATIC  TIRES. 
Henry  M.  Williams,  Vincennes,  Ind. 

900,639.  AIR-BRAKE  SYSTEM.  Bert  Aik- 
man,   Chicago.    111. 

OCTOBER    13. 

900,752.  CONTROLLING  MEANS  FOR  AIR- 
BRAKES. George  Macloskie,  Schenectady, 
N.   Y. 

900,812.  DENTAL  BLOWER.  Percy  E.  Will- 
iams,   Savaanah,    Ga. 

900,814.  AIR-COMPRESSOR.  Wylie  G.  Wil- 
son,   Denver,    Colo. 

900,888.  PNEUMATIC  TIRE.  Arthur  C. 
Rudland,  Vancouver,  British  Columbia,  Cana- 
da 

900  914.  VALVE  MECHANISM  FOR  GLASS- 
BLOWING  APPARATUS.  Charles  M. 
Clarke,    Pittsburg.    Pa. 

900.950.  TUNNELING-MACHINE.  Olin  S. 
Proctor,    Denver,    Colo. 

900.951.  TUNNELING-MACHINE.  Olin  S. 
Proctor,  Denver,  Colo. 

900.988.  PUMPING  AND  COMPRESSING  AP- 
PARATUS FOR  AERIFORM  FLUIDS.  Hon- 
ors M.  Domecq-Cazaux,   Paris,  France. 

901-049.       FLUID-PRESSURE    DISTRIBUTER. 


Joseph   B.   Tuor,    St.   Paul,   Minn. 
901,068.      PNEUMATIC    ACTION    FOR    MUSIC- 
AL   INSTRUMENTS.      James    P.    Caulfield, 
Baltimore,   Md. 
901,170.  CONTINUOUS-DRAW  VACUUM  WIN- 
DOW-GLASS    MACHINE.       Harry     D.     Her- 
shey,   Latrobe,    Pa. 
901,258.       ELASTIC-FLUID    MOTOR.      Victor 

Pingret,   Rio  Grande  do   Sul,   Brazil. 
901,273.      PNEUMATIC   ACTION    FOR    MUSIC- 
AL    INSTRUMENTS.        MORRIS      S.     WRIGHT, 
Worcester,    Mass. 
901.289.      COUPLING  FOR  FLUID-PRESSURE 
CONDUITS.  Peter  Furtner,  Rosenheim,  Ger- 
many. 
901,310.      METHOD   OF   SUPPLYING  ENERGY 
TO    ENGINES.      Edward   T.    Young,    Boston, 
Mass. 

2.  An  improved  method  of  supplying  energy  to 
an  engine  which  consists  in  compressing  a  body 
of  non-combustible  combustion-sustaining  gas,- 
preferably  atmospheric  air,  in  a  chamber  to  a 
degree  insufficient  to  ignite  the  fuel  to  be  used, 
and  heating  by  external  means  a  sufficient 
amount  of  said  combustion-sustaining  gas  to  a 
temperature  sufficient  to  accomplish  the  ignition 
of  the  fuel  injected  into  it,  and  injecting  such 
fuel  into  it,  whereby  said  fuel  will  be  ignited  and 
burned,   as   described. 

OCTOBER  20. 

1(01.344.     AIR-COMPRESSOR.     Henry  J.  Horst- 

man.v   Fort  Wayne,  Ind. 
901,361.     MOLDING  PROCESS.     William  F.  M. 
McCarty,   Pleasantville,   N.   Y. 
1.  The   hereindescribed  process  which  consists 
in  continuously  discharging  molten  metal,  into  a 
hermetically    sealed    mold,    at    or    near    the    sur- 
face of  the  metal  introduced,  until  said  mold  is 
filled   and   simultaneously  withdrawing  air  from 
said    mold. 
901.392.        ROTARY      TUNNELING-MACHINE. 

Russel   B.    Sigafoos,   Denver,   Colo. 
901,490.  PNEUMATIC         FEEDER         FOR 

THRESHING-MACHINES.      Cory    W.    Sell- 
ers,   Beloit,    Kan. 
901.499.     COMBINED  MOTOR  AND  COMPRES- 
SOR.    Charles  P.  Tolman,  New  York,  N.  Y. 

901.538.  STRIKING-PIN  FOR  PISTON-HAM- 
MER ROCK-DRILLING  ENGINES.  John 
G.   Leyner,   Denver,   Colo. 

901.539.  MULTIPLE-STAGE  AIR-COMPRES- 
SOR.    John  G.  Leyner,   Denver,   Colo. 

901,550.  FLUID-PRESSURE  MOTOR.  Eber- 
hardt  P.  Nicholson,  New  York,  N.  Y. 

901,555.  AIR-COMPRESSOR.  Thomas  O.  Per- 
ry, Chicago,   111. 

901,580.  CONDENSING-APPARATUS  PUMP. 
John   Astrom,    Milwaukee,   Wis. 

901.660.  AIR  SELF-COUPLING.  Benjamin 
F.   Sweeney,  Neosho,   Mo. 

901,741.  PRESSURE-REDUCER  FOR  GASE- 
OUS LIQUIDS.  Harry  A.  Reed,  New  York,  N. 
Y. 

901,923.  AIR-BRAKE.  James  F.  McElroy,  Al- 
bany, N.   Y. 

OCTOBER    27. 

901,945.       AIR-PUMP.       Phillips     P.    Bourne, 

Somerville,    Mass. 
902,001.     AUTOMATIC  REGULATING  DEVICE 

FOR  FLUID-PRESSURE  APPARATUS.    Au- 

guste  C.   E.   Rateau.   Paris,   France. 
902.077.       DEVICE     FOR    EXHAUSTING    AIR 

FROM    SIPHONS    OF    SLUICES    AND    THE 

LIKE.       Christian    Havestadt,    Wilmersdorf, 

near    Berlin.    Germany. 
902,114.   FLUID-PRESSURE   BRAKE   SYSTEM. 

William  H.  Sauvage,  New  York,  N.  Y. 
902.142.     LOG-TURNER.     Aage  Foss  and  Lor- 

en  Coolidge,   Montesano,  Wash. 

902.182.  HIGH-SPEED-REDUCING  VALVE 
FOR  AIR-BRAKES.  Walter  V.  Turner, 
Wilkinsburg,    Pa. 

902.183.  HIGH-SPEED-REDUCING  VALVE 
FOR  AIR-BRAKES.  Walter  V.  Turner. 
Wilkinsburg,  and  John  S.   Custer,   Pittsburg, 
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Pa. 


902,184.  ELECTROPNEUMATIC        BRAKE. 

Walter   V.   Turner,  Wilkinsburg,   Pa. 

902,264.  FLUID-CONTROLLING        MEANS. 

Fred  P.    Stevens,   Denver,   Colo. 

902, 2  8  8 .  FLUID-PRESSURE-ENGINE-OPER- 
ATED TOOL.  George  H.  Gilman,  Claremont, 
N.   H. 


902,382 


AUTOPNEUMATIC      MOTOR      FOR 


SELF-PLAYING  MUSICAL  INSTRUMENTS. 
John  W.   Darley,  Jr.,  Baltimore,  Md. 

902,441.  ROTARY  BLOWER  OR  COMPRES- 
SOR. Oscar  P.  Ostergren,  New  York,  and 
Charles  O.  L.   Cardell,   Pearl  River,  N.  Y. 

902,501.  PUMP,  &C.  Fritz  W.  Machlet,  Eliz- 
abeth,  N.   J. 
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1.   A    rotary    air    or    gas    pump    comprising    a  means    for   conducting    liquid    from    the    cylinder 

drum,     a    hollow    cylinder    revolving    therein,     a  to  the  edges  of  the  vane  to  form  a  seal  or  pack- 

viiii"  or  piston  sliding  in  and  out  of  said  cylinder  ing  for  the  latter, 
and    fitting    to    the    interior    of    the    drum,    and 
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